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Foreword 


The request from Professor Jôrg Klekamp for me to Write the foreword for 
this monograph was an appealing challenge. Prior to the era of microneuro- 
surgery, I was firmly involved in the surgery of spinal lésions, and achieved 
surgical removal of spinal arteriovenous malformations (AVMs) on 12 pa¬ 
tients in the years between 1960 and 1965. Microneurosurgical techniques 
were introduced in Zurich in 1962, and since then I hâve applied these 
techniques to the exploration of the various spinal lésions: 182 herniated 
dises, 78 spinal cord AVMs, and 263 spinal tumors (46 épidural, 94 extra- 
medullary, and 123 intramedullary tumors). These hâve been published in 
a preliminary paper only, for I was unable to accomplish completion of 
the planned Volume V in my Microneurosurgery sériés within an adéquate 
time frame. I therefore admire the achievement of Klekamp and Samii, who 
présent to us a most comprehensive work. 

This monograph is outstanding in many aspects, providing an overview 
of the clinical expériences gained in a single neurological institution over a 
period of 25 years between 1978 and 2003, consisting of 1081 spinal tumors 
treated in 868 patients, with 973 operations (intramedullary tumors in 
198 patients, extramedullary tumors in 446 patients, and épidural tumors in 
329 patients). The entire cohort of patients was explored surgically by apply- 
ing microsurgical techniques. The history of spinal surgery, spinal anatomy, 
neuroradiology, clinical neurophysiology, surgical approaches, and surgical 
techniques in the treatment of intramedullary, extramedullary, and épidural 
tumors in cervical, thoracic, and lumbosacral areas, postoperative results 
and outcome, complications, morbidity, récurrences, survival, and adjuvant 
thérapies are ail meticulously analyzed and thoroughly documented in nu- 
merous informative statistical tables and in educative pictures. In addition, 
multivariate analyses were performed to détermine the factors predicting 
surgical results or outcome. For each factor, a (3-value is given, which indi- 
cates its prédictive power compared to others. 

Three distinct time periods can be traced throughout the approximately 
120-year history of spinal surgery. 

1. The Previsualization Period (1880-1920). A précisé neurologie examina¬ 
tion of the patient revealed a reliable topographie diagnosis of a spinal 
lésion. Extramedullary tumors were successfully removed by Macewen 
(1183, 1884), Horsley (1887), Thornburn (1888), Abbe (1889), Chipault 
(1894), and Starr (1895). The surgery of intramedullary tumors, however, 
was pioneered by von Eiselberg (1907), Fedor Krause (1908), Braun (1910), 
Rôpke (1911), and Charles Elsberg (1914). Cushing had explored an intra¬ 
medullary tumor in 1905, but did not remove it. 
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Klekamp and Samii emphasize the impact of the paper by Horsley, as he 
passionately recommended surgery on patients with spinal tumors, be- 
cause the alternative, “conservative treatment” was associated with a very 
high mortality rate. The worldwide highly respected pioneer of spinal tu- 
mor surgery was Charles Elsberg. In 1925 and 1941, Elsberg published his 
sériés of cases (168 with extramedullary tumors, 73 with épidural tumors, 
and 19 with intramedullary tumors), wherein he recorded remarkably 
reduced mortality rates. 

2. The Myelography Period (1921-1975). The introduction of myelography 
(1921) by Sicard and Forestier was a welcome and reliable diagnostic ad- 
vance, for it displayed the précisé localization of the lésions. The publica¬ 
tion of Guidetti and Fortuna (1967) reflects the positive impact of myelog¬ 
raphy technology on spinal surgery. They collected in the literature 
published prior to 1965, 473 operated cases of intramedullary tumors: 
119 ependymomas, 125 astrocytomas, 11 oligodendrogliomas, 59 glio- 
blastomas, 113 lipomas, 29 hemangioblastomas, and 17 melanomas. In 
addition to the effectiveness of myelography for topographie diagnosis, 
another innovation became essential for the successful treatment of spinal 
tumors, namely the introduction of the first génération of bipolar coagula¬ 
tion tools by James Greenwood. In 1941,1942,1952, and 1953 Dr. Green¬ 
wood successfully operated on four patients with spinal cord lésions, none 
of whom suffered either pre- or postoperative neurological déficits. Previ- 
ous to Dr. Greenwood’s success, there had been a great réluctance to 
attempt surgery on an intramedullary tumor, especially on a patient 
having no, or only discrète neurological déficits. 

3. The introduction of sélective spinal angiography by M. Djindjian (1970), 
and noninvasive neurovisualization technology (computed tomography in 
1970 and magnetic résonance imaging in 1985). These innovations signi- 
fied very relevant breakthroughs in achieving précisé topographie and dif- 
ferential diagnoses of spinal lésions, as well as delineating their vascular- 
ization pattern. This knowledge is of great benefit when evaluating the 
location of the lésion, and when devising a plan for surgical exploration. 

Many developments and innovations followed that represented enhancing 
factors for the continually evolving microsurgical techniques; for example, 
the introduction of the operating microscope, the development of greatly 
improved bipolar coagulation technology by L. Malis, with specifically 
modeled bipolar coagulation forceps and bipolar coagulation halls, cavitron 
ultrasound surgical aspirator suction technology, and intraoperative moni- 
toring. In addition, intense laboratory training, the expériences of the sur¬ 
geon, and a certain talent are components that contribute to expertise, and 
these éléments are substantiated by Klekamp and Samii. 

Analysis of the operative results of the authors, as well as évaluation of 
the expériences of other authors in this field, strongly indicate the great 
importance of operating on patients with spinal lésions in an early phase, 
when they présent with no or minor neurologie déficits. The more severe the 
preoperative neurologie condition of the patient, the less the injured cord will 
recover. Further advances in neurovisualization technology with diffusion 
and perfusion modalities promise to differentiate accurately the neuroplastic 
lésion from demyelinating, degenerative, vascular, or infection diseases. 
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The generally observed postoperative course is characterized by transient 
worsening of neurologie symptoms for a few days or even months before 
functional recovery occurs. There are reasonable hopes that the research 
activities of molecular biologists will offer effective treatment for faster 
recovery of the operated spinal cord patient. 

This monumental work of Klekamp and Samii represents an impressive 
document recounting their neurosurgical endeavors in the last quarter of 
the 20th century. The meticulous statistical analyses will be of great value 
as a reliable source of reference. This unique monograph will undoubtedly be 
of great interest to neurosurgeons, neurologists, neuroradiologists, neuromo- 
lecular biologists, neurophysiotherapists, and occupational therapists alike. 

Little Rock, July 2006 M.G. Yaçargil 
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Spinal tumors are rare and potentially devastating lésions that threaten the 
patient’s mobility or even life. Despite their rarity, every neurosurgeon in 
clinical practice has to deal with them regularly. With modem imaging, mi- 
crosurgical techniques, and improved understanding of spinal biomechanics 
and modem instrumentation Systems, the fate of complété paraplegia can be 
avoided if therapy is instituted in time. Whereas intramedullary and extra- 
medullary tumors are the domain of the neurosurgeon, extradural tumors 
are treated by neurosurgeons and orthopédie surgeons alike. 

The aim of this book is to give an overview about the clinical expérience 
gained in a single neurosurgical institution over a period of 25 years. This 
sériés consists of 1081 spinal tumors treated in 868 patients who underwent 
973 operations between 1978 and 2003 (Table 1). Thus, this entire sériés con¬ 
sists of patients undergoing surgery with microsurgical techniques. The great 
majority of them were diagnosed using modem imaging techniques such as 
computerized tomography and magnetic résonance imaging. We do not 
claim to cover every aspect or every pathology of spinal tumors, but rather 
concentrate on what we hâve seen, found, learned, and achieved during this 
time. The results presented here represent this entire period. The treatment 
recommendations and descriptions of surgical techniques are based on these 
expériences and our ongoing analyses, and reflect our current State of the art. 
We hope that this book will aid neurosurgeons and spine surgeons in coun- 
seling and treating patients with spinal tumors. 


Table 1 . Data of 1081 spinal tumors treated in 868 patients with 973 operations between 
1978 and 2003 


Type of tumor 

Number 
of patients 

Number 
of tumors 

Number 
of operation 

No surgery 1 

Intramedullary 

182 

199 

198 

9 

Extramedullary 

406 

553 

446 

20 

- Intradural 

349 

466 

385 

18 

- Intra-extradural 

57 

87 

61 

2 

Epidural 

280 

329 

329 

4 

Total 

868 

1081 

973 

33 


Each chapter of this book has been written in such a way that it can be read as 
a separate section. First, we would like to outline how patients were evaluated 
and what statistical methods were employed. 

Patients were examined on outpatient visits and during their hospital stay 
before and after surgery. Each pre- and postoperative neurological symptom 
was documented and analyzed individually according to a scoring System 
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(Table 2) [3], In addition, their overall clinical condition was evaluated ac- 
cording to the Karnofsky score [2], These parameters were used to describe 
the preoperative condition and the short-term clinical course after surgery. 
To describe the preoperative course, we asked for the first clinical symptom 
the patient had noticed and which symptom was the major complaint at the 
time of surgery (i.e., the main symptom). 


Table 2. Neurological scoring System 


Score 

Sensory disturbance, 
pain, dysesthesias 

Motor weakness 

Gait ataxia 

Sphincter 

fonction 

5 

No symptom 

Full power 

Normal 

Normal 

4 

Présent, 
not signiflcant 

Movement 
against résistance 

Unsteady, 

Slight 

disturbance, 
no cathéter 

3 

Significant, 

fonction not restricted 

Movement 
against gravity 

Mobile 
with aid 

Residual, 
no cathéter 

2 

Some restriction 

of fonction 

Movement 
without gravity 

Few steps 
with aid 

Rarely 

incontinent 

1 

Severe restriction 

of fonction 

Contraction 

without movement 

Standing 
with aid 

Often 

cathéter 

0 

Incapacitated fonction 

Plegia 

Plegia 

Permanent 

cathéter 


Success of treatment for spinal tumors can be analyzed in several ways. Could 
the tumor be completely removed? Did the patient improve clinically? Did 
the patient deteriorate clinically during follow-up? Did the tumor recur? How 
long did the patient survive? For each section of the book we used the same 
data acquisition and statistical methods. 

Long-term results were analyzed by calculating récurrence rates according 
to survival statistics [1], because this method allows us to account for varying 
follow-up times and gives a much more realistic picture regarding long-term 
postoperative results. Two types of récurrences were distinguished: (1) when- 
ever a patient developed progressive neurological symptoms after surgery, 
this was defined as a clinical récurrence; (2) whenever a tumor recurred or a 
tumor remnant progressed on neuroradiological imaging, this was called a 
tumor récurrence. 

To détermine the factors predicting surgical results or outcome, multi- 
variate analyses were performed. For each factor, a (3-value is given, which 
indicates its prédictive power compared to others. 

Most, but not ail of the case illustrations show pathologies treated within 
the study period between 1978 and 2003. The intraoperative photographs, in 
particular, are intended to demonstrate our current way of treatment rather 
than to présent examples of how we used to operate on them. 

The overwhelming majority of operations were performed with the pa¬ 
tient in the prone position. As far as intraoperative photos are concerned, 
ail are oriented according to the surgeons view. If the semisitting position 
was used, this is mentioned in the figure legend 

Gore-Tex® is a registered trademark of W. L. Gore & Associates, 555 Paper- 
mill Road, Newark, DE 19711, USA. TachoSil® is a registered trademark of 
Nycomed, PO Box 88, Langebjerg 1, DK-4000 Roskilde, Denmark. 


Jôrg Klekamp and Madjid Samii 
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Today, surgery of spinal tumors is a very gratifying 
part of neurosurgery. With modem imaging tech¬ 
niques the diagnosis has become quite simple. Tumors 
can now be detected early, and with modem micro- 
surgical techniques the neurological function of the 
spinal cord can almost always be preserved and often 
even improved. This is the resuit of a long period of 
development that started way before Victor Horsley s 
first operation of a spinal meningioma in 1887. 


1.1 

Surgical Approaches 

Claudius Galen, born in the year 129 in Pergamon in 
Turkey, was probably the first anatomist to note the 
segmentai représentation of the spinal cord. He per- 
formed experiments and dissections on dogs to better 
understand the human anatomy and the conséquenc¬ 
es of spinal cord injuries. This was 1800 years before 
Darwins évolution theory. Examining victims of 
gladiator fights, he observed spécifie neurological 
déficits according to the level of the spinal cord and 
was able to specify the spinal level of injury according 
to his clinical examination [10]. 

First attempts on spinal surgery were undertaken 
by the French army surgeon Ambroise Paré as early as 
1549 for patients with spinal dislocations. He diag- 
nosed the level of injury by palpation and crépitation, 
excised bony splinters compressing the cord, and ap- 
plied traction for spinal dislocations with the aid of a 
wooden frame [35], However, throughout the middle 


âges and well into the 19th century, spinal surgery 
was met with great scepticism. Most physicians con- 
sidered injuries and tumors of the spine and spinal 
canal as untreatable. For instance, Nicolaus Petreus 
Tulpius described a patient with spina bifida aperta in 
1641, who presented with a cystic mass attached to the 
underlying spinal cord by a small pedicle. The pedicle 
was ligated, the cystic mass became necrotic, and the 
patient died [18], At that time, spina bifida was 
thought to be related to osteomyelitis of the spine. As¬ 
sociated cysts were considered to be connected to the 
urinary bladder [18], The first attempt to close a spina 
bifida with a musculoskeletal flap can be attributed to 
Bayer in 1892 [18], 

Systematic spinal surgery started in the 19th cen¬ 
tury with attempts at spinal cord décompression by 
performing laminectomies. The first description dates 
back to 1814 and was performed on a 26-year-old pa¬ 
tient with a thoracic injury and complété paraplegia 
after falling from the roof of a house. The surgeon was 
unable to reduce the associated dislocation, and the 
patient demonstrated no recovery of function and 
died soon thereafter [24], Obviously, this expérience 
did not help to make spinal surgery more acceptable 
in the neurological community. The major problems 
at the time were inadéquate anesthésia and pain con- 
trol, leading to intraoperative shock and infections. 

The first patient to survive a laminectomy was op- 
erated in 1828. This patient had fallen from a horse 
and suffered a complété paralysis of both legs. Some 
improvement of his sensory function was observed 
postoperatively [48]. Until 1840, just 12 spinal surgery 
patients were described in the literature. This number 
rose to 29 by 1867 [36], A first systematic description 
of the surgical technique for laminectomy was given 
by Chipault in 1894 [5], Further modifications and 
technical improvements were reported subsequently. 
To limit blood loss, Krause introduced what he called 
a laminotome. This was a kind of a strong biting for¬ 
ceps, which worked its way through bone by cutting 
and compressing the lamina [30], By 1894, Ménard 
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described the technique of costotransversectomy for 
treatment of Pott’s disease [37]. The first description 
of a hemilaminectomy was provided by Bonomo in 
1902 [4], Several surgeons preferred to operate on pa¬ 
tients in the right latéral position so that the part of 
the spine that was targeted could be elevated with 
cushions. In that way, cardiac function was consid- 
ered to be more easily managed [29,43]. 

Surgical approaches to the spine from the anterior 
direction were developed considerably later. Early at- 
tempts by Albee [2] and Hibbs [25] were associated 
with considérable mortality rates. They were per- 
formed for patients with Pott’s disease, and the lack of 
antimicrobial drugs meant that postoperative infec¬ 
tions were the major problem. Ito et al. [28] developed 
the extraperitoneal approach to the lumbar spine in 
1934. A sériés of transthoracic décompressions with 
somewhat acceptable morbidity and mortality figures 
was finally published by Hodgson and Stock in 1956 
[26] at a time with better anesthésia, diagnostic tech¬ 
niques, and operating skills, and when antibiotics 
were being developed in increasing numbers. 


1.2 

Tumor Removal 

So, with the technique of laminectomy, the standard 
approach to spinal lésions was available in the second 
half of the 19th century. The first spinal tumor opera¬ 
tion is widely attributed to Victor Horsley, who de¬ 
scribed the removal of a spinal meningioma, per- 
formed on June 9th in 1887 [20], However, Lecat 
operated on a spinal tumor as early as 1753 [32], Mace- 
wen reported on two patients in whom he had re- 
moved fibrous neoplasms of the dura in 1883 and 
1884, respectively [33, 34], As he was not a neurosur¬ 
geon, however, not much crédit was given to these 
successful operations. Furthermore, the two patients 
were victims of Pott’s disease with spinal deformities, 
suggesting that granulation tissue rather than true 
neoplasms were probably removed [44], Horsley 
himself listed in his paper 58 patients with spinal tu- 
mors from the literature, of which 2 had been operat¬ 
ed on previous to his own operation. Horsley’s opera¬ 
tion did not go smoothly. He opened the spine of 
this 42-year-old man at the wrong level at first and 
only after one of his assistants, Charles Ballance, who 
had studied the anatomy of the spinal cord and its 
roots carefully, had pointed out that due to the de- 
scending course of spinal nerve roots the lésion may 
be located higher than the clinical évaluation would 
predict, did Horsley extend the exposure cranially 
finding the meningioma at last. Postoperatively, the 


patient made a very gratifying recovery with préserva¬ 
tion of his neurological functions. However, he suf- 
fered from a cerebrospinal fluid fistula for 6weeks 
before it subsided spontaneously. Fortunately, no in¬ 
fection had developed. The patient was able to work 
16 h a day 1 year after the operation, and finally died 
20 ears later from causes unrelated to his spinal me¬ 
ningioma [42], 

Horsley’s paper had a tremendous impact on the 
medical community. He passionately recommended 
operating on patients with spinal tumors, as the alter¬ 
native - conservative treatment - was associated with 
a very high mortality: 74% of patients with unoperat- 
ed extradural tumors and 83% of patients with unop- 
erated intradural tumors died due to respiratory fail- 
ure, pneumonia, urinary septicemia, or decubitus 
ulcéra, to mention the commonest causes of death. 
Horsley was convinced that surgery could prevent 
grave complications and death for a significant num- 
ber of patients even given the prevailing enormous 
diagnostic and technical restraints. His paper was so 
stimulating that Starr could report on 19 spinal tu¬ 
mor operations as early as 1895, adding three cases of 
his own [49]. Eleven of these, however, died from 
postoperative complications. With increasing expéri¬ 
ence, however, mortality figures could be reduced. 
Even attempts on intraoperative functional studies 
were undertaken at that time and probably started 
with Abbe, who performed motor root stimulations 
during operations [1], 

Whereas the first removals of extradural tumors 
can be attributed to Thorburn in 1888 [52] and Abbe 
in 1889 [1], surgery on intramedullary tumors started 
in the early 20th century. Cushing had exposed an in¬ 
tramedullary tumor by a myelotomy, but thought the 
lésion to be inopérable. Despite that, the patient re- 
covered well from his procedure [8]. The first intra¬ 
medullary tumor removal was successfully under¬ 
taken in 1907 by Freiherr von Eiselsberg in Vienna, 
with recovery of function after transient aggravation 
of his preoperative déficits [13]. 

The first sériés of spinal tumors was presented by 
Fedor Krause in 1908 [29]. He reported on 25 operat¬ 
ed patients. Eight died from postoperative complica¬ 
tions. In his former publication 2 years earlier, 6 of his 
first 11 patients had died [40], In other words, he was 
able to improve operative mortality from 55% to 14% 
within a very short time. Listed among his spinal tu¬ 
mors were two enchondromas. These hâve to be con- 
sidered the first operations on spinal dise prolapses, 
which he mistook for neoplasms [30]. Harvey Cush¬ 
ing concentrated on cranial surgery, but he did per¬ 
forai a considérable number of operations on spinal 
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tumors as well. Between 1912 and 1932, he treated 60 
cases of spinal tumors: 23 meningiomas, 4 neurofi- 
bromas, 8 sarcomas, 3 ependymomas, and 4 astrocy- 
tomas to mention the intradural tumors [6]. 

The pioneer of spinal tumor surgery, however, is 
Charles A. Elsberg. His first major publication on his 
clinical work with intramedullary and extramedul- 
lary tumors was published in 1925; this book remains 
a landmark publication [15]. His results on 54 extra- 
medullary, 13 intramedullary, and 14 épidural tumors 
compare favorably even with the first sériés published 
in the microsurgical era. He described the concept of 
a two-stage operation for the removal of intramedul¬ 
lary tumors, which he had discovered by accident. In 
a patient with the assumed diagnosis of an extramed- 
ullary tumor, he had injured the pia mater upon open- 
ing the dura. Unexpectedly, he observed that the in¬ 
tramedullary tumor extruded out of the cord almost 
by itself. The cord was reexposed in a second opera¬ 
tion, performed after the patient had recovered from 
the first. At that time, the tumor had exposed itself 
almost completely out of the cord, so that he was able 
to resect it completely with a good functional resuit 
[17, 14], However, this technique was used only a few 
times. In the second édition of his book in 1941, he 
summarized his work and presented his expérience 
on the basis of 168 extramedullary, 73 épidural, and 
19 intramedullary tumors. He had achieved complété 
resections for 150 extramedullary, 63 épidural, and 7 
intramedullary tumors. His mortality rates were 5%, 
7%, and 16% for extramedullary, épidural, and intra¬ 
medullary tumors, respectively [16]. 


1.3 

Diagnostic Imaging 

The first endeavors on spinal cord surgery were per¬ 
formed without any imaging of the lésions. Radio- 
logical signs of a spinal tumor, such as a widening of 
the spinal canal or érosion of bony éléments, were 
rarely encountered [7,30,39,40,45], Neurologists de- 
termined the spinal level of the suspected tumor clin- 
ically and the surgeon had to do the operation to con- 
firm the diagnosis and to remove the tumor. The 
major differential diagnostic sign was an increased 
intensity of neurological déficits without an ascend- 
ing spinal level [50], Only if the preoperative assump- 
tions and clinical évaluations were correct could the 
patient expect to profit from surgery. In von Eisels- 
berg and Ranzi’s sériés of 17 patients operated for sus¬ 
pected tumors, 5 patients underwent surgery without 
a tumor being discovered [13]. This illustrâtes the 
enormous diagnostic difficulties faced during that 


time. The commonest misdiagnosis was a circum- 
scribed area of arachnoiditis [30]. 

Therefore, further imaging techniques were need- 
ed desperately. Dandy introduced air myelography in 
1919. He injected air into the lumbar area and mea- 
sured the time until the air could be detected intra- 
cranially [9]. Obviously, this was a very unprecise way 
of diagnosing a spinal tumor. The major neuroradio- 
logical breakthrough was the discovery of myelogra¬ 
phy with contrast material injected into the subarach- 
noid space by Sicard and Forestier [47], It was a 
discovery by accident. Originally, the contrast mate¬ 
rial was aimed for the épidural space because they 
considered an intrathecal injection to be harmful. 
However, the intradural injection did not cause any 
apparent problems in this patient and a diagnostic 
method was born that gained immédiate acceptance 
worldwide. A few years later, Peiper described the 
technique of myelography systematically and provid- 
ed criteria for the differential diagnosis of myélo¬ 
graphie findings [41], 


1.4 

Spinal Reconstruction and Fusion 

With the introduction of approaches to the spine and 
increasing surgical attempts to treat spinal tumors as 
well as spinal trauma and degenerative disorders, lit- 
tle concern existed for spinal stability among neuro¬ 
surgeons - not to mention for the side effects of sur¬ 
gery on spinal stability. First attempts to reconstruct 
the vertébral column were met with great scepticism 
by many respected neurosurgeons because recon¬ 
struction and stabilization meant longer surgery, a 
risk of insufficient vascularization of the reinserted 
laminae, and a higher risk of infection at a time with¬ 
out sufficient anesthetic techniques and antibiotics 
[29, 30, 40, 50]. 

As early as 1889, Dawbarn performed an H-type 
opening with latéral transection over the transverse 
processes and a horizontal transection connecting 
the two. In this way he could reflect two flaps of soft 
tissue together with bony éléments cranially and cau- 
dally [11], Urban and Bickham used U-shaped inci¬ 
sions for the same purpose [3, 53]. Rôpke described a 
similar technique to thin out the lamina with a chisel, 
transecting it in the midline and then retracting both 
lamina halves together with attached soft tissues lat- 
erally [43]. With closure of the soft tissues, these au- 
thors approximated the lamina sufficiently to allow 
fusion. 

Spinal stabilization was first developed to treat pa¬ 
tients with Pott’s disease. Hadra used wiring of the 
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spinous processes to prevent kyphotic deformities 
[21]. In 1910, Lange suggested Steel bars for fusion of a 
spondylitic spine [31]. Albee, Hibbs, and Ito used bone 
grafts to achieve bony fusion [2, 25, 28]. However, it 
was not until the advent of better anesthetic tech¬ 
niques and antibiotic treatment, as well as a better 
understanding of spinal biomechanics, that stabiliza¬ 
tion techniques for the spine finally became practical. 
A major step was the pioneering work of Sir Frank 
Holdsworth, who classified spinal fractures accord- 
ing to the mechanism into pure flexion, flexion-rota¬ 
tion, extension, and compression fractures. He also 
introduced a two-column model of spinal stability 
[27]. This work provided an important background 
for the development of the first successful spinal in¬ 
strumentation System for posterior spinal fusion by 
Paul Harrington in the 1960s [22, 23], The first ven¬ 
tral instrumentation System was introduced soon 
thereafter by Dwyer et al. in 1969 [12]. 


1.5 

Modem Advances 

With good anesthetic techniques, antibiotic treat¬ 
ment, and reasonable diagnostic imaging established, 
the next major advance was the introduction of the 
operative microscope in the 1960s. Before the intro¬ 
duction of microsurgery, surgeons were most of ail 
concerned for the patients’ survival after spinal cord 
surgery. With the advent of the operative microscope, 
it became possible to preserve the patients’ neurologi- 
cal function with increasing frequency. In 1975, Yas- 
argil and De Preux published the first paper on a sériés 
of microsurgically removed intramedullary angio- 
blastomas with excellent clinical outcomes [54], This 
paper was followed by a congress report on 37 intra¬ 
medullary tumors undergoing microsurgical removal. 
Of these, 24 had been resected completely (11 of 12 
angioblastomas, 8 of 11 ependymomas, and 1 of 4 as- 
trocytomas), of which 13 demonstrated postoperative 
improvement, while 6 remained unchanged and just 5 
were neurologically worse. Apart from the operative 
microscope, he emphasized the bipolar coagulation 
technique as the second major technical advance for 
treatment of these patients, the corrélation between 
preoperative neurological status and postoperative 
functional results, and recommended surgical remov¬ 
al before serious neurological déficits were présent. 
Each step for microsurgical resection as outlined in 
this paper describes the state-of-the-art technique up 
to today [55], In a later publication he advised against 
laminectomies to remove intra- or extramedullary tu¬ 
mors to avoid problems of postoperative spinal insta- 


bility. He had used ostéoplastie laminotomies - cut- 
ting laminae with an oscillating saw, removal in one 
bloc and reinsertion with sutures - since 1973 for ex¬ 
tensive tumors and advocated partial hémilaminecto¬ 
mies for smaller tumors - a technique he developed in 
1980 [56]. Apart from concerns regarding spinal sta¬ 
bility after resection of intradural tumors, he also ap- 
plied a telescoping screw for reconstruction of the TU 
and T12 vertebrae after resection of a giant-cell tu- 
mor, which can be considered the prototype for the 
expandable cages employed today [46]. 

A large number of publications hâve since dealt with 
intramedullary tumors. By comparison, little has 
been published on extramedullary tumors. The larg- 
est sériés on extramedullary tumors with a detailed 
analysis of the literature was published by Nittner in 
1976. He analyzed 4885 patients [38], 

With the introduction of magnetic résonance im¬ 
aging in the 1980s, the diagnosis of spinal tumors has 
finally become much easier and more reliable. Pa¬ 
tients can now be discovered before severe neurologi¬ 
cal déficits are présent. This enables surgeons even to 
improve neurological symptoms in patients with in¬ 
tramedullary tumors. A recent monograph on a large 
sériés of intramedullary tumors presenting the cur- 
rent therapeutic standard was published by Fischer 
and Brotchi in 1996 [19]. 

Whereas intradural spinal tumors are the domain 
of neurosurgeons, different concepts were followed 
for the management of épidural tumors by neurosur¬ 
geons and orthopédie surgeons. Initially, neurosur¬ 
geons focused solely on neurological function and 
performed surgery with the intention of decompress- 
ing the spinal cord and nerve roots. They had little 
concern for spinal stability. For instance, the poten- 
tially devastating long-term effects of laminectomies 
were overlooked by most neurosurgeons for décades. 
On the other hand, orthopédie surgeons tended to 
concentrate only on the biomechanical problems as- 
sociated with tumors. Achievement of stability was 
the foremost goal. 

Today, surgical approaches that respect the integ- 
rity of the intervertébral joints and spinal stability are 
available for any part of the spine. If the tumor has 
caused spinal instability or tumor removal has to 
compromise stability, a variety of fusion techniques 
are available for each segment of the vertébral column 
from any angle. In this respect, patients and neuro¬ 
surgeons hâve profited a great deal from the work of 
orthopédie and trauma surgeons [51]. In fact, there 
still is a large field for interdisciplinary research and 
clinical work to improve even further the manage¬ 
ment of patients with spinal tumors. 
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This chapter provides some anatomical information 
to help the reader to understand the pathophysiology 
of tumors of the spine and spinal cord as well as to 
guide surgeons to particular configurations and im¬ 
portant aspects for planning and performing surgery 
in the safest and least traumatic manner. 


2.1 

Cervical Spine 

The cervical spine consists of two “spécial” vertebrae 
- the atlas and axis - connecting the spine with the 
cranium in a complex set of joints and ligaments, and 
five “ordinary” vertebrae in a slightly lordotic curve 
(Figs. 2.1-2.3). In young adults, the average length of 
the cervical spine measures 12.5 cm from the lower 
border of C7 to the tip of the dens axis. In retroflexion, 
the average length is 11.5 cm, compared to 12.69 cm 
in anteflexion [9, 10]. This needs to be considered 
for correct intraoperative localization of intradural 
tumors; radiological examinations are performed in a 
different neck position than the operative one! 

The atlas is formed like a ring with small latéral 
masses, which articulate with the occipital condyles 
of the cranium above and the latéral masses of the 
axis underneath. A fifth joint provides the rotation of 
the head and is formed between the atlas and the dens 
axis (i.e., the odontoid process). The axis articulâtes 
with the latéral masses of Cl above and supports the 
dens axis in the midline (Figs. 2.2 and 2.3). The re- 


maining vertébral bodies are rectangular in shape, 
with a slight dépréssion of the superior surface, giving 
rise to bony edges on either side (i.e., the uncinate 
processes). Thus, the intervertébral dises rest on a 
cup-like surface of the lower vertebra, whereas the 
lower surface of a cervical vertebra (i.e., the upper 
surface of the intervertébral space) is fiat (Fig. 2.2). 

The posterior éléments of the second to seventh 
vertebra form the neural arches consisting of pedicles, 
the lamina, and spinous processes. The short pedicles 
connect the vertébral body with the facet joints, which 
are formed by articular processes above and below. 
These processes are named according to their orien¬ 
tation; the articular of the inferior vertebra projecting 
upward is called the superior articular process, and 
vice versa for articular process from the superior 
vertebra facing downward (Fig. 2.1). In axial sections 
through the facet joints, the posterior facet belongs 
to the superior neural arch representing the inferior 
articular process and vice versa for the anterior facet 
(Fig. 2.3). A neuroforamen is formed by pedicles 
above and below the vertébral body and uncinate pro¬ 
cess medially, the transverse process laterally, and the 
articular processes posteriorly. The cervical forami- 
nae are oriented about 30° anterolaterally. The neural 
arches project posteriorly to meet at the base of the 
spinous process. On cross section, they are ovoid in 
shape, with a flattened anterior surface. The spinous 
processes point downward in the midline (Fig. 2.1). 
There is no spinous process at Cl, but there are par- 
ticularly large processes at C2 and C7. The average 
anterior-posterior diameter of the bony spinal canal 
measures 18-20 mm at Cl and C2, and 15-17 mm be¬ 
tween C3 and C7. The thécal sac measures 10-14 mm 
throughout the cervical spine, and the spinal cord 
6-9 mm. In other words, the spinal cord normally 
occupies about 40-50% of the spinal canal. 

As far as ligamentous structures are concerned, the 
atlantoaxial ligaments, anterior and posterior longi¬ 
tudinal ligaments, the yellow ligament, the interspi- 
nous ligament, and the supraspinous ligament should 
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Fig. 2.1. a Sagittal T2-weighted magnetic résonance imag- 
ing (MRI) Scan of the cervical spine in the midline: CI Cli- 
vus, PFM posterior rim of the foramen magnum, TM tectorial 
membrane, AOM atlantooccipital membrane, TL transverse 
ligament, LN ligamentum nuchae, SL supraspinous ligament, 


YL yellow ligament, BVV basivertébral vein. b Sagittal para- 
median T2-weighted MRI scan of the cervical spine. OC Oc¬ 
cipital condyle, AOJ atlantooccipital joint, VA vertébral artery, 
SAP superior articular process, IAP inferior articular process, 
FJ facetjoint 


be mentioned. The médial atlantoaxial joint is stabi- 
lized by a complex set of ligaments. The most impor¬ 
tant of these is the cruciform ligament, which lies im- 
mediately behind the dens in the coronal plane 
(Fig. 2.3). The vertical and horizontal arms of this 
ligament explain its name. The horizontal arms form 
the so-called transverse ligament between the latéral 
masses of Cl and the posterior surface of the dens to 
hold it firmly against the anterior arch of Cl (Fig. 2.1). 
The vertical arms run between the anterior rim of 
the foramen magnum and the body of C2. The dens 
is linked to the skull base by the apical ligament ex- 
tending from its tip to the anterior foramen magnum 
and the alar ligaments laterally toward the occipital 
condyles. The vertébral bodies are connected by ante¬ 
rior and posterior longitudinal ligaments from Cl 
right down to the sacrum along their anterior and 
posterior surfaces, respectively. The anterior longitu¬ 


dinal ligament ends in the anterior atlantooccipital 
membrane at the level of the foramen magnum. The 
posterior longitudinal ligament is connected with the 
posterior foramen magnum via the tectorial mem¬ 
brane (Fig. 2.1). The posterior vertébral éléments are 
stabilized by yellow, interspinous, and supraspinous 
ligaments. The yellow ligament links the vertébral 
laminae and, thus, forms the posterior border of the 
spinal canal in the interlaminar space and is connect¬ 
ed to the posterior atlantooccipital membrane crani- 
ally. The interspinous ligament serves as an important 
posterior anchor and runs between spinous processes, 
whereas the supraspinous ligament extends between 
the tips of the spinous processes (Fig. 2.1). 

The vascular anatomy consists of the vertébral ar- 
teries and a venous plexus. This plexus runs along the 
posterior surface of the vertébral bodies mainly in the 
midline, where it elevates the posterior longitudinal 
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Fig. 2.2. a Anterior coronal Tl-weighted MRI scan of 
the craniocervical junction and upper cervical spine: 

D Dens axis, UP uncinate process. b Coronal Tl-weighted 
MRI scan of the craniocervical junction and upper cervical 
spine in the midline. C Posterior coronal Tl-weighted MRI 
scan of the craniocervical junction and upper cervical spine. 
OB Occipital bone, IOM inferior oblique muscle, MM multi- 
fidus muscle, SM semispinal muscle 


ligament. The vertébral arteries arise from the subcla- 
vian arteries in 90% of patients. In rare instances, the 
left vertébral artery may arise from the aortic arch. 
Other unusual origins such as the inferior thyroid 
and the common carotid artery hâve been described. 
The arteries travel anterolaterally of the neuroforami- 
nae between C6 and Cl through foraminae in the 
transverse processes. However, the vertébral artery 
may enter the spine at other levels such as C3, C4, C5, 
and Cl [10]. In about 89% of cases the artery arises in 
a straight line through these transverse foraminae. 


However, médial loops at C4, C5, and C6 may occur 
in rare cases [10]. Above C2, the artery turns posteri- 
orly and superiorly, traverses the transverse foramen 
of Cl and continues medially along the superior mar- 
gin of the atlas in a sulcus to form a loop toward the 
dura of the foramen magnum. In some cases, a fora¬ 
men is formed in this area (i.e., the arcuate foramen). 
The vertébral artery is surrounded by a venous plex¬ 
us, which is particularly prominent between C2 and 
its intracranial section (Figs. 2.1-2.3). 
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Fig. 2.3. a Axial T2-weighted MRI scan at Cl. CRL Cruciate 
ligament, SC spinal cord. b Axial T2-weighted MRI scan at 
Cl/2, c Axial T2-weighted MRI scan at C2. d Axial T2-weight- 


ed MRI scan at C7. IJV Internai jugular vein, CCA common 
carotid artery, AR anterior root, DL dentate ligament, PR pos- 
terior root, PS posterior septum, SP spinous process 


2.2 

Thoracic Spine 

The 12 thoracic vertébral bodies are rectangularly 
shaped with fiat superior and inferior surfaces. The 
neural foraminae exit almost laterally. From top to 
bottom, the height of the bodies gradually increases. 
The intervertébral dises appear flatter than their cer¬ 
vical and lumbar counterparts. The pedicles of the 
thoracic vertebrae extend from the superior half of 
the vertébral body. The neuroforaminae are directed 


laterally. The laminae form an almost circular spinal 
canal of constant width throughout the thoracic 
spine. As this part of the spine forms a slight kypho- 
sis, the thécal sac and spinal cord seem slightly dis- 
placed anteriorly in the upper thoracic canal (Figs. 2.4 
and 2.5). The major différence in the bony anatomy of 
the thoracic spine is the articulation with the ribs. 
The heads of ribs 2-10 articulate with their posterior 
surfaces to the postérolatéral aspects of vertébral bod¬ 
ies. Half of the joint surface is on the superior and half 
on the inferior body. Ribs 1,11, and 12 articulate only 
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Fig. 2.4. a Sagittal T2-weighted MRI scan of the thoracic spine in the midline. b Paramedian sagittal T2-weighted MRI scan 
of the thoracic spine 



with the upper part of the corresponding vertébral 
body. Furthermore, the tubercles of ribs 1-10 articu- 
late on their posterior surfaces with the transverse 
processes of the same-numbered vertébral body. 

As far as the vascular anatomy is concerned, the 
external venous plexus around the vertébral bodies is 
of particular importance in the thoracic and lumbar 
spine. Changes in intrathoracic and intra-abdominal 
pressure are transferred to the épidural internai ve¬ 
nous plexus through anastomoses and affect the cere- 
brospinal fluid (CSF) pressure in the thoracic and 
lumbar spine. Furthermore, interconnections exist 
between the external venous plexus and the azygos 
venous System. This connection provides a parallel 
drainage System that bypasses the superior and infe- 
rior vena cava. 


Fig. 2.5. Axial T2-weighted MRI 


of the midthoracic 
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2.3 

Lumbar Spine and Sacrum 

Similarly to the thoracic vertebrae, the five lumbar 
vertébral bodies are rectangular in shape, with fiat 
superior and inferior surfaces. The pedicles project 
posterolaterally. The neural foraminae exit almost 
laterally. The posterior border of each foramen is 
formed by the articular processes. These processes 
are comparably long and form the facet joints, which 
are oriented in the coronal plane. The lumbar lami- 
nae form an oval spinal canal in the upper lumbar 
spine. In the lower part, the shape becomes more tri- 
angular, with bony recesses anterolaterally; these are 


formed by indentations of the superior articular pro¬ 
cesses of the facet joints (Figs. 2.6 and 2.7). The sa¬ 
crum is composed of four or five fused vertebrae that 
form a triangle. It articulâtes laterally with the iliac 
bones (Fig. 2.8). 


Fig. 2.7. a Axial T2-weighted MRI scan of the lumbar spine at 
Thl2/Ll. b Axial T2-weighted MRI scan of the lumbar spine 
at L3. c Axial T2-weighted MRI scan of the lumbar spine at 
L3/4. d Axial T2-weighted MRI scan of the lumbar spine at 
the pedicle level of L5. AVP Anterior épidural venous plexus, 
e Axial T2-weighted MRI scan of the lumbar spine at forami¬ 
nal level of L5. f Axial T2-weighted MRI scan of the lumbar 
spine at L5/S1 
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Fig. 2.8. Sagittal T2-weighted MRI scan ofthe sacrum 


Lumbar nerve root sleeves lie antérolatéral to the 
thécal sac at the level of the pedicle, and continue into 
the upper half of the neuroforamen. The épidural fat 
of the spinal canal contains a venous plexus and con¬ 
nective tissue. This plexus communicates with the 
external venous plexus surrounding vertébral body 
and posterior éléments. Individual veins may accom- 
pany the nerve root on its way through the neurofora¬ 
men, and are positioned in the lower part of the fora¬ 
men (Fig. 2.7). The thécal sac extends approximately 
to S2 (Fig. 2.8). 


2.4 

Spinal Biomechanics 

The line of the center of gravity of the erect human 
body lies anterior to the vertébral column. As a consé¬ 
quence, axial loads to the body in the upright position 
resuit in a combination of spinal axial compression 
and bending movements. A simple biomechanical 
concept of the spine is as two columns, an anterior 
column and a posterior column [6]. 

The anterior column provides the weight-bearing 
part of the spine. About 80% of the axial load is ab- 
sorbed by this column, whereas the remaining 20% is 
spread to posterior éléments as a shearing force. Ver¬ 
tébral bodies and intervertébral dises are constructed 
to withstand these weight-bearing forces, whereas the 
annulus fibrosus of the dise absorbs torque and shear 
movements. Thus, the anterior column acts like a dis¬ 
traction device. 

The posterior column, on the other hand, consists 
of laminae and facet joints, which work as a chain of 
articulators. The remaining 20% of the axial load is 


absorbed mainly by the facet joints. This articulation 
chain is controlled by ligaments and muscles, which 
compress the posterior éléments like a tension band. 
In other words, the posterior column serves as a com¬ 
pression device. 

The posterior compressing forces of the muscles 
provide a balance between the anterior column and 
posterior articulation chain. Movements are possible 
due to deformations of the intervertébral dises and 
the facet joints. Ligaments limit the amount of mo¬ 
tion possible within each segment. The stability of the 
spine requires intact anterior and posterior éléments. 
Neoplasms of the spine, which destroy parts of the 
anterior and/or posterior column structures, will tend 
to cause kyphotic deformities, because the weight- 
bearing capability of the anterior and/or the compres¬ 
sive action of the posterior column is compromised. 
For restoration of stability, anterior reconstructions 
require distraction, whereas posterior devices hâve to 
apply compression. In each individual case, anterior 
and posterior éléments hâve to be analyzed carefully 
to select the appropriate reconstruction: anterior, 
posterior, or a combined approach [4]. 


2.5 

Spinal Méningés 

The dura mater is about 0.8 mm thick and consists of 
collagen and elastic fibers. At the foramen magnum, 
the dura mater of the head and the external periost 
merge into the spinal dura mater. Here, the dura ma¬ 
ter consists of three layers: (1) the innermost layer of 
the spinal dura is in continuity with the inner durai 
layer of the skull, (2) the middle spinal layer continues 
to form the external durai layer of the skull, and (3) 
the outer layer transgresses into the periost of the 
skull (Fig. 2.1) [10]. A complex set of fiber bundles in- 
side the dura allows head movements without displac- 
ing the durai sac out of the midline of the spinal ca¬ 
nal. 

The arachnoid membrane is the outer wall of the 
CSF space. It is watertight, loosely attached to the 
dura [13], and ensheathes the spinal nerves toward the 
root sleeves, where it fuses with the dura. In the sub- 
arachnoid space, numerous strands run between the 
arachnoid membrane and cord surface, mainly in the 
posterior, and to a lesser degree in the anterior sub- 
arachnoid space. These septations hâve been de- 
scribed to be derived from an intermediate, fenestrat- 
ed leptomeningeal layer, which is attached to the inner 
surface of the arachnoid membrane and surrounds 
nerve roots and blood vessels on the cord surface as a 
fenestrated layer (Fig. 2.9) [13]. Posteriorly, a septum 
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Fig. 2.9. This diagram of the human spinal cord and its mé¬ 
ningés shows the arachnoid membrane (A) close to the dura 
mater (D). An intermediate leptomeningeal layer (IL), which 
lies between arachnoid membrane and pia mater, is fenestrated 
and attached to the inner aspect of the arachnoid membrane. It 
is reflected to form the posterior septum (S) and is spread over 
the cord surface including blood vessels (V) and nerve roots 
with fine trabeculae. Reprinted with permission from Nicho- 
las and Weller (1988) [13] 

runs in longitudinal direction between the pia mater 
and the arachnoid membrane. It séparâtes the poste¬ 
rior subarachnoid space into a left and right half 
(Figs. 2.3,2.5, and 2.9) [8]. Toward the cervical area, it 
becomes more and more fenestrated and tapers off to¬ 
ward the cisterna magna. Similar fenestrations are 
évident toward the conus medullaris. The insertion of 
the septum at the spinal cord surface follows the 
course of the midline dorsal vein. In other words, 
pulling the arachnoid membrane may apply tension 
to the midline septum, and hence to this attached 
vein! Further septations hâve been described more 
laterally along the posterior roots from the dorsal root 
entry zone toward the arachnoid membrane, into the 
root sleeve, mainly in the lower cervical and thoracic 
spine. The anterior subarachnoid space does not dem- 
onstrate any such septations. Thus, anterior roots do 
not display such enveloping arachnoid membranes. 
The posterior septations may ease the dissection of 
large extramedullary tumors off the spinal cord, as 
they may provide a nice dissection plane [12]. 

The denticulate ligament is a transverse plate of fi- 
bers originating from the pia mater and running to 
the inner surface of the dura, usually inserting about 
1.5-2 mm dorsal to the durai nerve root sleeve. It 
courses alongside the spinal cord on either side be¬ 
tween the anterior and posterior roots (Figs. 2.3 and 
2.5) [10]. 

The pia mater ensheathes the spinal cord. It con- 
tains fiber bundles, forming a complex support Sys¬ 


tem for the spinal cord together with its extensions - 
the denticulate ligaments - and the dura mater. It 
holds the spinal cord in the center of the durai sac and 
protects it from undue extension as a resuit of spine 
movements [10]. The pia mater is not permeable to 
water and provides a barrier between the subarach¬ 
noid space and perivascular spaces of the cord [13]. 

Several observations, however, suggest that the ex¬ 
tracellular space of the spinal cord and subarachnoid 
space should be considered as two compartments of 
the same fluid space that require free communication 
between each other. According to Rennels et al. [15], 
CSF enters the extracellular space of the central ner- 
vous System along the perivascular spaces of arteries, 
whereas extracellular fluid leaves it along the perivas¬ 
cular spaces of veins toward the subarachnoid space. 
This exchange dépends on normal arterial and ve- 
nous blood flow and can be abolished by interfering 
with the arterial blood supply. Studies with contrast 
medium injected into the subarachnoid space support 
this concept [3, 7, 11]. The required communication 
between the subarachnoid space and the perivascular 
spaces was demonstrated along posterior root entry 
zones, where Cloyd and Low [1] demonstrated the 
existence of fenestrations in the pia mater. 


2.6 

Spinal Cord and Nerve Roots 

The spinal cord is about 45.9 cm long in males and 

41.5 cm in females [10]. In the cervical and lumbar ré¬ 
gions, the spinal cord is enlarged in its transverse di- 
ameter. The cervical enlargement between C4 and C7 
is most pronounced at C5/6 (Fig. 2.1). According to 
magnetic résonance imaging measurements, the cer¬ 
vical cord varies in length corresponding to neck 
movements between 12.69 cm in anteflexion and 

11.5 cm in retroflexion [9], The lumbar enlargement 
is located approximately at the level of Thl2, depend- 
ing on the conus position (Fig. 2.6). The conus medul¬ 
laris ends normally at about L1 and is surrounded by 
the nerve roots of the cauda equina. Caudally to the 
conus, the filum terminale is located in the center of 
the durai sac (Fig. 2.6). 

The spinal cord contains white matter, which con- 
sists of axons, myelin-forming oligodendroglial cells, 
and fibrous astrocytes, and gray matter, which con- 
sists of neuronal cells, dendrites, neuroglial processes, 
oligodendroglia, and astrocytes. White matter is less 
vascularized than gray matter. The axons are orga- 
nized in tracts with major motor or sensory fonc¬ 
tions. Most of these tracts are myelinated and either 
interconnect different spinal levels with each other or 
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Fig. 2.10. Horizontal section through 
the fifth to sixth cervical segment of 
the spinal cord: 1 marginal cells, 2 sub- 
stantia gelatinosa, 3 nucléus proprius, 

4 reticular process, 5 substantia inter¬ 
media, 6 latéral motoneurons, 

7 médial motoneurons, 8 posterior 
root, 9 fasciculus gracilis, 10 fasciculus 
cuneatus, 11 fasciculus dorsolateralis, 

12 posterior spinocerebellar tract, 

13 latéral pyramidal tract, 14 anterior 
spinocerebellar tract, 15 fasciculus 
anterolateralis, 16 anterior pyramidal 
tract, 17 fasciculus longitudinale me- 
dialis, 18 anterior root. Reprinted with 
permission from Nieuwenhuys et al. 
(1978) [14] 



Fig. 2.11. Horizontal section through 
the fifth thoracic segment of the spinal 
cord: 1 marginal cells, 2 substantia ge¬ 
latinosa, 3 nucléus proprius, 

4 nucléus intermediolateralis, 

5 nucléus thoracicus, 6 substantia in¬ 
termedia, 7 motoneurons, 

8 fasciculus gracilis, 9 fasciculus cu¬ 
neatus, 10 fasciculus dorsolateralis, 

11 posterior spinocerebellar tract, 

12 latéral pyramidal tract, 13 anterior 
spinocerebellar tract, 14 fasciculus an¬ 
terolateralis, 15 central canal, 

16 commissura alba, 17 anterior root, 

18 fasciculus longitudinale medialis, 

19 anterior pyramidal tract. Reprinted 
with permission from Nieuwenhuys 
et al. (1978) [14] 



Fig. 2.12. Horizontal section through 
the fifth lumbar segment of the spinal 
cord: 1 marginal cells, 2 substantia ge¬ 
latinosa, 3 nucléus proprius, 

4 processus reticularis, 5 substantia 
intermedia, 6 nucléus cornu commis- 
suralis, 7 motoneurons, 8 funiculus 
posterior, 9 posterior root, 10 fasci¬ 
culus dorsolateralis, 11 funiculus pos- 
terolateralis, 12 funiculus anterolate¬ 
ralis, 13 funiculus anterior, 14 anterior 
root. Reprinted with permission from 
Nieuwenhuys 
et al. (1978) [14] 






2.6 Spinal Cord and Nerve Roots 


contain long descending or ascending fibers. The 
posterior midline tracts (i.e., the latéral fasciculus cu- 
neatus and médial fasciculus gracilis) carry sensory 
information from the upper and lower part of the 
body, respectively, to the brain. Fibers enter these col- 
umns from posterior nerve roots. Thus, axons from 
lower segments of the body gradually become placed 
more medially the higher the spinal level. Between 
these two fascicles, a small intermediate sulcus may 
be détectable on the posterior surface. The latéral seg¬ 
ments of white matter contain the spinocerebellar, 
latéral spinothalamic, and latéral corticospinal tracts. 
The anterior spinothalamic and anterior corticospi¬ 
nal tracts are found anteriorly (Figs. 2.10-2.12). 

The gray matter of the spinal cord forms an H- 
shaped structure in the axial plane and varies in size 
according to the spinal level. It is greatest in the cervi¬ 
cal and lumbar cord and considerably smaller in the 
thoracic cord due to the larger numbers of neurons 
required for motor function of upper and lower ex- 
tremities, respectively. In the center of the cord and 
white matter lies the central canal, which is lined by 
ependymal cells. This canal is surrounded by fiber 
tracts of the anterior and posterior commissures. The 
gray matter is organized in the posterior and anterior 
horn on either side. The posterior horn contains sen¬ 
sory neurons organized in layers. In the cervical ré¬ 
gion, the posterior horn also contains the spinal nu¬ 
cléus of the trigeminal nerve. Thus, upper cervical 
pathologies may cause sensory dysfunctions in the 
face. The ventral horns, on the other side, contain 
motoneurons and interneurons. Of particular impor¬ 
tance is the nucléus of the phrenic nerve, which is lo- 
cated between C3 and C6. Operations at these levels 
may cause phrenic dysfunctions and, thus, respirato- 
ry functions should be monitored carefully after op¬ 
erations at this level (Figs. 2.10-2.12). 

Blood is supplied through the radicular arteries, 
which branch off the vertébral, aortic intercostal, and 
lumbar arteries and run along the anterior surface of 
the roots. They form the anterior and the paired pos¬ 
terior spinal arteries. In the cervical area, the anterior 
spinal artery is derived from paired branches of the 
distal vertébral arteries. The rest of the vascular sup- 
ply to anterior and posterior spinal arteries is ex- 
tremely variable. In most cases, there are two or three 
radicular branches to the cervical cord. Between one 
and six anterior radicular arteries connect to the an¬ 
terior spinal artery in the cervical région, while none 
to eight posterior radicular arteries may supply the 
paired posterior spinal arteries [16]. In other words, 
sacrificing a radicular artery in the cervical région 
may be considered safe for most patients, but it may 


cause serious déficits in a patient with a low number 
of radicular arteries in the cervical area. A watershed 
région between the upper and lower spinal cord 
supplies is at about Th4. A regular lower major artery 
(i.e., the arteria radicularis magna or artery of Adam- 
kiewicz) enters from the left side in 75% of patients, 
mostly (85% of cases) between Th9 and L2 and less 
often (in 15% of cases) between Th5 and Th8, to sup¬ 
ply the anterior spinal artery [2], Further radicular 
arteries supplying the anterior spinal artery may be 
encountered more often on the left side [5]. The ante¬ 
rior spinal artery courses along the anterior médian 
sulcus. Anastomoses to the posterior spinal arteries 
exist, which are located on the dorsolateral surface of 
the cord. Branches of the anterior spinal artery pene- 
trate the cord to supply the anterior white matter, ven¬ 
tral horns of the gray matter, base of the posterior 
horns, and the latéral columns. Distances between 
these central spinal arteries are larger in the thoracic 
cord compared to the conus area, where they are 
shortest, and the cervical cord. Arteries within the 
spinal cord are considered as end-arteries, as no anas¬ 
tomoses are détectable. Branches of the posterior spi¬ 
nal arteries supply the remaining posterior parts of 
the cord [16]. 

Veins run in a longitudinal direction on the cord 
surface and continue along the nerve roots toward the 
épidural venous plexus. About one-third to one-half 
of ail roots carry radicular veins [16]. 

As far as végétative functions of spinal nerves are 
concerned, sympathicoafferent and sympathicoeffer- 
ent fibers can be distinguished. Neurons of the inter- 
mediolateral and intermediomedial nuclei of the tho¬ 
racic and upper lumbar cord send out efferent fibers, 
which terminate either in the ganglia of the sympa- 
thetic trunk on the same level, in adjacent ganglia, or 
further cranially in cervical ganglia [10]. 

Little is known about sympathicoafferent fibers, 
which médiate vasoconstriction upon a cold stimulus 
to the skin. Even after complété transection of the 
cord, a cold stimulus to a lower extremity can still 
trigger vasoconstriction in the upper extremity via 
the sympathetic trunk. As far as efferent, vasocon- 
strictor fibers are concerned, those for the neck and 
head exit through the roots of C8-Th3, those for the 
upper extremities at Th3-Th6, and those for the lower 
extremities at Th4-L3. Vasodilator control is exerted 
through purely spinal reflex mechanisms and cannot 
be mediated across a level of cord transection. Its 
spinal représentation is thought to correspond to the 
sensory distribution [10]. 

Sweat sécrétion is controlled by thermoregulatory 
centers of the brainstem, and efferent fibers leave the 
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anterior horns corresponding to the vasoconstrictor 
fibers of the sympathetic System [10]. 

Sensory fibers enter the spinal cord through poste- 
rior roots in the paramedian dorsal root entry zone, 
while motor fibers leave the cord via anterior roots at 
the corresponding ventral surface of the cord. Among 
posterior roots, anastomoses exist within the spinal 
subarachnoid space between neighboring segments 
in up to 61% of cases (dépendent on the spinal level) 
[10]. Such anastomoses are much rarer among anteri¬ 
or root fibers and were identified only in up to 21% 
[10]. 

Posterior and anterior roots traverse the subarach¬ 
noid space in a latéral, caudal direction and in most 
cases penetrate the dura in separate pouches. The 
arachnoid fuses with the anterior and posterior roots 
several millimeters central to the spinal ganglion and 
merges with the dura of the root pockets [10]. The 
dorsal root ganglia lie posteriorly in the neural fora¬ 
men just médial to the junction between the dorsal 
and anterior roots. Connective tissue, fat, and vascu- 
lar structures surround the spinal nerve in its fora¬ 
men. From a surgical standpoint, the venous plexus is 
the most important of these structures. 
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Intramedullary tumors account for 16% of the spi¬ 
nal tumors in our sériés [43]. Among ail central ner- 
vous System tumors, figures for intramedullary tu¬ 
mors range between 2 and 4% in the literature [57, 
204, 215, 314, 318, 344], In other words, intramedul¬ 
lary tumors are rare. A minority of these tumors is 
associated with genetic diseases such as von-Hippel- 
Lindau disease (VHL), causing hemangioblastomas 
and neurofibromatosis type 2 (NF-2) associated with 
ependymomas or astrocytomas. Intramedullary tu¬ 
mors are observed in 19% of patients with NF-2 and 
20% of those with VHL [251], In neurofibromatosis 
type 1 (NF-1), intramedullary tumors are rare. So far, 
only astrocytomas hâve been encountered in NF-1 
[348], 

With the introduction of magnetic résonance im- 
aging (MRI), an increasing number of patients with 
intramedullary tumors are now diagnosed at an early 
stage of the disease. This imaging modality has cer- 
tainly benefited patients enormously [356]. However, 
some problems in differential diagnosis between in¬ 
tramedullary tumors and demyelinating or inflam- 
matory diseases of the spinal cord still exist. Associ¬ 
ated cysts (i.e., syringomyelia) may be présent with a 
small underlying tumor that can be easily overlooked. 
So quite clearly, MRI has made the diagnosis of intra¬ 
medullary tumors easier but not foolproof. 

In this chapter we will describe the clinical symp- 
toms of intramedullary tumors and their neuroradio- 
logical features, provide a description of surgical 
techniques, and finally give a detailed analysis of 
postoperative results and outcomes on the basis of 182 
patients treated in the past 25 years. These patients 
underwent 198 operations for treatment of 199 tu¬ 
mors (Table 3.1). Fourteen patients underwent multi¬ 
ple operations. 
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Table 3.1. Intramedullary tumors of 182 patients treated in 
the past 25 years 



Adults 

Children 

l Total | 

Ependymoma 

76 

3 

79 

Astrocytoma 

40 

25 

65 

Angioblastoma 

20 

1 

21 

Hamartoma 

10 

- 

10 

Glioependymal cyst 

7 

- 

7 

Cavernoma 

6 

- 

6 

Metastasis 

4 

- 

4 

Melanocytoma 

4 

- 

4 

Ganglioglioma 

1 

1 

2 

Schwannoma 

1 

- 

1 

Total 

169 

30 

199 


3.1 

Historyand Diagnosis 

In our sériés, about one-third of patients experienced 
some form of pain as their first symptom. The re- 
mainder complained about sensory déficits, paresthe- 
sias, motor weakness, or gait problems as their first 
manifestation in about equal proportions. With ma- 
lignant tumors, almost ail patient complained about 
pain, gait ataxia, or motor weakness right form the 
start (Table 3.2). In general, the case history averaged 
about 33±44months, with considérable variability, 
ranging between 1 week and 28 years. Benign tumors 
had a significantly longer history compared to malig- 
nant tumors (36±46 months and 7±13 months, re- 
spectively; p<0.0001). 

Approximately 36% of tumors were located in the 
cervical cord, 50% in the thoracic cord, and the re- 
maining 14% in the conus area [98], According to our 
expérience, the advent of MRI has not led to a faster 
diagnoses in general (30±32 months before and 
33±41 months after the introduction of MRI). After 


ail, intramedullary tumors are so rare that they are 
quite often not included in the differential diagnosis 
when the first symptoms hâve appeared. However, 
patients are in better neurological condition at the 
time of surgery now compared to the pre-MRI era 
[356]. In our sériés, the average preoperative Kar¬ 
nofsky score has improved from 55±20 to 70±17 
(p=0.0001) since the introduction of MRI. Patients 
who for years are thought to hâve multiple sclerosis 
while neurological symptoms continue to progress 
due to an overlooked intramedullary tumor, should 
be a phenomenon of the past. 

The average âge at présentation was 38±17 years. 
The typical clinical history was characterized by a 
graduai and slow progression without intermittent 
remission of symptoms. This is a very important point 
for the differential diagnosis to inflammatory or de- 
myelinating syndromes. The latter almost always 
develop significant déficits quickly, within days or 
weeks, and then fluctuate and display some variabili¬ 
ty in terms of intensity and/or localization of symp¬ 
toms with time. Sudden clinical progressions occur in 
intramedullary tumors only in exceptional cases. We 
hâve encountered them in association with either 
tumor hemorrhages [4, 163, 242, 301, 324] or highly 
malignant tumors [130]. 

On admission, the clinical situation had progressed 
to affect motor functions to some degree for at least 
80% of patients. Motor weakness or a gait problem 
was considered their major concern for 22% and 38% 
of patients, respectively. Even though pain was still 
présent in 52% of patients, just 19% wanted surgery 
predominantly for pain relief. Sensory déficits were 
found in 87% of cases and dysesthesias in 56% (Ta¬ 
ble 3.3). The preoperative Karnofsky score averaged 
about 67±18. In the literature, most studies describe a 
progressive course of neurological détérioration prior 
to surgery. However, unusual présentations due to af¬ 
fections of the autonomie nervous System are also re- 
ported. Fricke and Romine [102] described a patient 
with a thoracic ependymoma presenting with ortho- 

Table 3.2. Initial symptoms 
of intramedullary tumors 


Pain 

Gait ataxia 
Motor weakness 
Sensory déficits 
Dysesthesias 
Sphincter Problems 
Scoliosis 


21% 

24% 

42% 







3.2 Neuroradiology 


Table 3.3. Symptoms at présenta¬ 
tion for intramedullary tumors 


Symptom Benign Malignant Adults Children Total 

tumors tumors 


Pain 52% 

Gait ataxia 78% 

Motor weakness 76% 

Sensory déficits 86% 

Dysesthesias 58% 

Sphincter problems 35% 


53% 53% 42% 

95% 78% 96% 

89% 77% 85% 

95% 89% 69% 

42% 63% 23% 

47% 35% 39% 


52% 

80% 

78% 

87% 

56% 

36% 


Fig. 3.1. a, b Tl-weighted, contrast- 
enhanced sagittal and axial magnetic 
résonance imaging (MRI) images of 
an intramedullary World Health 
Organization (WHO) grade I astro- 
cytoma at Th2-Th6 in a 10-year-old 
girl. The tumor enhances brightly 
with contrast, and is associated with a 
considérable syrinx above and below 
the solid tumor, which affects pre- 
dominantly the left side, compressing 
the remaining cord to the right 
(arrowhead in b) 



static hypotension and diarrhea. Both resolved after 
tumor removal. 

Comparing adults and children, astrocytomas 
were the predominating tumor in children (83%), 
with ail other pathologies almost exclusively occur- 
ring in adults (Table 3.1). Looking at clinical présen¬ 
tations for children with intramedullary tumors, we 
noticed a higher proportion of motor weakness or gait 
problems as the first (66% compared to 31%; Table 3.2; 
chi square test: p<0.0001) and the major complaint on 
admission compared to adults (86% compared to 56%; 
chi square test: p=0.0023) [54, 68, 131, 152, 215, 325], 
Correspondingly, at présentation, sensory affections, 
pain or dysesthesias were encountered less often in 
children (Table 3.3). 

In small children, the symptoms and signs of an 
intramedullary tumor may not be easy to detect. Un- 
usual présentations such as abdominal pain [75], 
painless muscle atrophies without sensory distur¬ 
bances [88], or torticollis [31, 54, 131] may be ob- 
served. 


Of children with intramedullary tumors, 4% be- 
came symptomatic with a progressive scoliosis [152], 
DeSousa et al. [68] observed abnormal spine radio- 
graphs in 58% of children with intramedullary tu¬ 
mors (e.g., scoliosis, kyphotic angulations). The dis- 
tinguishing feature pointing toward a spinal tumor is 
the association of scoliosis with pain [46] or other 
neurological symptoms. 


3.2 

Neuroradiology 

Without any doubt, MRI has revolutionized our pre- 
operative possibilities to establish the diagnosis, dé¬ 
termine the exact extent of the tumor (Figs. 3.1 and 
3.2), and visualize associated cysts (Figs. 3.1 and 3.2) 
[37,282, 357]. Nobody will operate on an intramedul¬ 
lary tumor anymore without an adéquate preopera- 
tive MRI scan. Except for patients unable to undergo 
an MRI, computed tomography (CT) with contrast or 
myelography is no longer required [161, 165, 247], 
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Fig. 3.2. These sagittal T2- (a) and 
Tl-weighted (b) MRI images show an 
ependymoma at C3-C4 with bright, homo- 
geneous contrast enhancement (b) and a 
syrinx above and below the tumor. c The 
axial Tl-weighted scan demonstrates the 
central position of the tumor 



With modem imaging and microsurgical techniques, 
percutaneous needle aspirations and biopsy proce¬ 
dures are rendered obsolète [269], Positron émission 
tomography may be capable to distinguish between 
an active tumor and scar tissue or gliosis, but is main- 
ly of scientific interest in intramedullary tumors 
[295], 

Standard X-rays, however, should still be per- 
formed to visualize the bony anatomy of the spine, 
evaluate the stability in the affected segment, and to 
facilitate the intraoperative identification of the cor¬ 
rect spinal level. In rare instances, slow-growing tu¬ 
mors may erode vertébral pedicles (Fig. 3.3), widen 
the spinal canal (Fig. 3.4), or even cause vertébral and 
spinal deformities (Fig. 3.4) [322], The latter may be 
observed especially in children. Quite often, the pre- 
operative radiological study already demonstrates 
significant biomechanical problems in younger pa¬ 
tients [68,162,199, 300]. 

If a récurrent tumor has to be operated, functional 
X-rays may be helpful to rule out instability provoked 
by the previous operation. Furthermore, a CT scan 
with bone window may be extremely helpful for ex- 
posure of the dura, as it demonstrates bony landmarks 
for the dissection of épidural scar tissue. 


As for the MRI diagnosis of intramedullary tu¬ 
mors, the preoperative examination has to provide 
the following information: 

1. Imaging has to demonstrate the précisé spinal level 
of the tumor, its upper and lower limits in Tl- and 
T2-weighted images. This has to be done in such a 
way that the surgeon can détermine this level by 
intraoperative roentgenography; the cervical or 
lumbar spine has to be shown in upper and lower 
thoracic tumors, respectively, as well [322], 

2. An examination with gadolinium is mandatory. 
Contrast enhancement is an indicator concerning 
the vascularity of the tumor and the homogenous 
or inhomogenous uptake of contrast may aid in the 
differential diagnosis between tumors such as ep- 
endymomas or angioblastomas and an astrocyto- 
ma, for instance. Inhomogenous uptake of contrast 
may also be a feature of anaplastic or malignant tu¬ 
mors. 

3. Axial scans hâve to show the démarcation toward 
the normal cord tissue and the orientation of the 
tumor inside the cord: midline versus eccentric, 
posterior, or anterior position. Furthermore, exo- 
phytic parts of the tumor can be demonstrated on 
axial scans. 
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Fig. 3.3. Tl-weighted, contrast-enhanced, sagittal thoracic (a) and 
lumbar (b) MRI scans of an intramedullary WHO grade I astrocytoma 
with patchy contrast enhancement at Thl0-L5 in a 31-year-old woman. 
The tumor has grown exophytically down into the lumbar canal. C This 
anterior-posterior X-ray image demonstrates thinned pedicles from 
the lower thoracic spine down to L3. d The bone window computed 
tomography (CT) image of a lower thoracic vertebra, which shows the 
profound thinning of the pedicles even better 


4. A significant number of intramedullary tumors is 
associated with a syrinx [15, 56, 57, 111, 265, 267], 
The MRI has to distinguish between a solid tumor 
and an associated cyst. 

5. In patients with suspected or known systemic dis- 
eases such as NF-2 or VHL, the entire neuraxis has 
to be examined [76,189, 214, 254, 284], 

However, as informative as an MRI scan is, it does not 
provide an answer to the question almost every pa¬ 
tient will ask when confronted with the diagnosis: is 
the tumor resectable? Although there are signs that 


may suggest that the tumor is well demarcated and 
removable, such as a bright homogenous enhance¬ 
ment with gadolinium or a clear-cut démarcation on 
T2-weighted images, we were unable to define radio- 
logical criteria to predict respectability or histology 
accurately (Fig. 3.5) [196], 

In general, ependymomas are centrally located, 
sharply defined intramedullary lésions that are iso¬ 
intense on Tl- and T2-weighted images and will take 
up contrast homogenously in most instances (Fig. 3.2) 
[86, 93,173, 224, 322, 323], Miyazawa et al. [224] ana- 
lyzed the contrast-enhancing patterns of ependymo- 
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Fig. 3.4. Tl-weighted, contrast-enhanced sagittal MRI scan 
of a huge WHO grade II—III astrocytoma at Th6-Ll in a 
4-month-old boy. The tumor appears partly cystic and has 
widened the spinal canal. The lower thoracic spine is straight- 
ened and a slight kyphosis is apparent at Thl2/Ll 


mas further and found 4 different types in 28 tumors: 
homogeneous (Fig. 3.2), heterogeneous (Fig. 3.6), het- 
erogeneous with cyst wall enhancement (Fig. 3.7), 
and enhancing nodule with a cyst wall (Fig. 3.8). In 
T2-weighted images, dark caps of hemosiderin may 
be observed at the upper and lower tumor pôles 
(Fig. 3.6) [93, 196, 239, 322], However, this feature is 
not pathognomonic for ependymomas, as it was also 
observed with malignant astrocytomas [156]. The as¬ 
sociation with intramedullary cysts is common [323] 
and was observed in 60.5% of our patients (Figs. 3.2, 
3.6, and 3.7). Ependymomas with exophytic compo- 
nents are reported, but are extremely rare [122], 
Angioblastomas are brightly enhancing lésions in 
Tl-weighted images and are commonly associated 


Fig. 3.5. The resectability of an intramedullary tumor can- 
not be predicted by MRI. These contrast-enhanced, sagittal, 
Tl- (a) and T2-weighted (b) MRI images demonstrate a WHO 
grade I astrocytoma at C6-C7 in a 33-year-old woman. The 
tumor takes up little contrast and there appears to be no clear 
démarcation toward the spinal cord at either the lower or up¬ 
per pôle on either image. Yet, the tumor could be completely 
resected. c, d Contrast-enhanced, sagittal Tl- (c) and T2- 
weighted (d) MRI images showing an astrocytoma at C3-C6 
in a 17-year-old girl. The tumor takes up some contrast and 
appears particularly well demarcated in d. The tumor turned 
out to be infiltrative and could be only partly resected. The 
histology disclosed a WHO grade III anaplastic astrocytoma 


with an intramedullary cyst - 88% in our sériés 
(Fig. 3.9) [52 , 78, 125, 134, 145, 173, 334], Sometimes 
tiny tumors may give rise to enormous cysts (Fig. 3.10). 
Therefore, every intramedullary cyst must be exam- 
ined without and with contrast on MRI [86]. Although 
cardiac gated cine MRI studies are considered by 
some authors to distinguish between tumor associat¬ 
ed cysts, which do not display flow phenomena, and 
syringomyelia, which do présent flow signais inside 
syrinx cavities, this imaging modality is not reliable 
for this purpose in our expérience. Tumor-associated 
cysts may also show signs of flow (Fig. 3.10). Angio¬ 
blastomas may be associated with a significant 
amount of péritumoral edema. They are often vascu- 
larized by radicular arteries and, therefore, tend to be 
located in the subpial area toward the dorsal root en- 
try zone (Fig. 3.10) [134], However, anteriorly located 
angioblastomas fed by anterior arteries do occur 
(Fig. 3.9) [134, 148], The intramedullary location is 
the most common among angioblastomas, but extra- 
medullary and épidural angioblastomas may also be 
observed [78, 134, 322], especially in patients with 
VHL. Intramedullary angioblastomas maybe entirely 
surrounded by spinal cord tissue or may protrude 
into the subarachnoid space like an exophytic tumor 
[58,134,145]. Veins on the spinal cord surface maybe 
so enlarged that they can be detected by myelography 
or MRI as meningeal varicosis [29, 322, 341], With the 
modem technique of magnetic résonance angiogra- 
phy, feeding and draining vessels can be demonstrat- 
ed [210]. If an angioblastoma is suspected, the entire 
neuraxis should be examined, as multiple tumors as¬ 
sociated with VHL are not so rare (Fig. 3.11) [29, 78, 
134], Even leptomeningeal spreading of angioblasto¬ 
mas has been described [11]. 
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Fig. 3.5. 
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Fig. 3.6. a Tl-weighted sagittal MRI 
after contrast application, of an ep- 
endymoma at C3-C6 with inhomog- 
enous contrast enhancement. b This 
T2-weighted scan shows hemosiderin 
caps at either tumor pôle related to 
tumor hemorrhages. Once again, 
syrinx cavities accompany this tumor 



Fig. 3.7. This sagittal, contrast-enhanced, Tl-weighted MRI 
scan shows an ependymoma at C3-C7 with heterogenous con¬ 
trast enhancement as well as enhancement of the cyst wall, 
which is part of the tumor. A syrinx extends from C2 cranially 
into the lower brainstem 



Fig. 3.8. Tl-weighted, contrast-enhanced MRI of a patient 
with neurofibromatosis type 2 (NF-2) and an ependymoma 
at Cl/2. The contrast-enhancing, solid tumor is part of a cyst 
wall. The remainder of the cyst wall does not take up gadolini¬ 
um and is not part of the tumor. The other contrast-enhancing 
lésions most likely represent schwannomas 
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Fig. 3.9. Tl-weighted, contrast- 
enhanced sagittal (a) and axial (b) 
MRI scans of a sizable intramedul- 
lary angioblastoma at Th6-Th7 in 
a 47-year-old woman. The tumor is 
accompanied by large syrinx cavities 
above and below. There appears to be 
an exophytic component anteriorly 
on the right side, corresponding to 
the major arterial supply of this lésion 
(i arrowheads ) 




Fig. 3.10. This sériés of MRI scans is an example of a small angio¬ 
blastoma associated with a large syrinx in a 45-year-old woman. 
a This T2-weighted image displays a syrinx without any apparent 
tumor. b In the Tl-weighted image (without contrast), a solid tumor 
at C5/6 could be suspected. c, d Only the sagittal and axial, contrast- 
enhanced Tl-weighted images disclose the pathology correctly: 
a small angioblastoma in the left dorsal root entry zone at C4/5. 

(Continuation see nextpage ) 
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Fig. 3.10. (Continued) e, f These 
cardiac gated cine MRIs demonstrate 
flow signais in the associated syrinx 
in cerebrospinal fluid (CSF)-systole 
and diastole (i.e„ flow inside a syr¬ 
inx does not prove the absence of an 
intramedullary tumor) 
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Fig. 3.12. Contrast-enhanced, sagittal (a) and axial (b) Tl- enhancement and protrudes out of the cord posteriorly on the 

weighted MRI scans of a WHO grade III astrocytoma at Th5- right side ( arrowheads ) 

Th7 in a 49-year-old patient. The tumor shows patchy contrast 


Fig. 3.13. Sagittal, contrast-enhanc¬ 
ed Tl-weighted MRI images of a large 
intramedullary WHO grade I astro¬ 
cytoma in a 9-year-old boy extending 
from the midthoracic cord (a) into the 
posterior fossa (b) 



Astrocytomas often take up contrast inhomoge- 
neously in Tl-weighted images (Figs. 3.1, and 3.3-3.5). 
Cysts accompany these tumors less often - 42.5% in 
our sériés [156]. On axial scans, astrocytomas are of¬ 
ten eccentric (Fig. 3.1) and may transgress the pia ma¬ 
ter to grow exophytically (Fig. 3.12) [86,130,142,173, 
322], Exophytic growth has been reported to be more 


common in the conus région [142], Rare extensions 
from the cervical cord into the cranial cavity hâve 
also been described (Fig. 3.13) [136]. Astrocytomas 
may torquate the spinal cord and infiltrate spinal 
nerve roots (Fig. 3.12). Some astrocytomas do not take 
up gadolinium at ail (Fig. 3.14); in that instance, the 
differential diagnosis to inflammatory reactions in 
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Fig. 3.14. Sagittal, contrast-enhanced Tl-weighted MRI im¬ 
age (a) and T2-weighted image (b) of a WHO grade I intra¬ 
medullary astrocytoma at C1-C2 in a 21-year-old patient. The 
tumor does not take up contrast at ail and is isodense to the 


spinal cord on the Tl-weighted image. Only the T2-weighted 
image demonstrates a démarcation toward the cord with a 
slightly hyperdense rim 



Fig. 3.15. Sagittal Tl-weighted MRI without (a) and with at C3/4 takes up contrast. c The T2-weighted scan shows the 
contrast enhancement (b), of a cystic WHO grade I astro- démarcation of the cystic tumor toward the edematous spinal 
cytoma at C2-C4 in a 22-year-old woman. Just the solid part cord. (Continuation see nextpage ) 
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Fig. 3.15. ( Continued ) d This contrast-enhanced axial Tl- 
weighted scan shows the solid, enhancing part of this cystic 


the spinal cord may be extremely difficult. Likewise, 
the distinction between cystic astrocytomas and a 
syrinx may be almost impossible, if the cyst wall ap- 
pears like gliotic tissue rather than a contrast-enhanc¬ 
ing tumor (Fig. 3.15) [86, 140]. In intratumoral cysts, 
the protein content tends to be higher compared to a 
syrinx cavity or the subarachnoid space. However, 
this is not always the case (Fig. 3.15). To détermine the 
exact extension of an astrocytoma, T2-weighted im¬ 
ages may be extremely helpful as they tend to show a 
better démarcation toward normal cord tissue than 
do Tl-weighted images (Figs. 3.14 and 3.15). 

Mixed signal intensities on Tl-weighted images 
and high signal intensity on T2-weighted images but 
a clear-cut limitation of the tumor is displayed by 
intramedullary gangliogliomas (Fig. 3.16). Patchy en- 
hancement with contrast is common [173]. Again, the 
T2-weighted image may be the most helpful to déter¬ 
mine the extent of the tumor. 

Cavernous hemangiomas are extremely rare and 
can be distinguished from other pathologies by their 
characteristic patchy contrast uptake in Tl-weighted 
images and signs of hemosiderin in the surrounding 
cord tissue in T2-weighted scans (Fig. 3.17) [35]. 

Glioependymal cysts are mostly, but not exclusive- 
ly observed in the conus area (Figs. 3.18 and 3.19). The 
lining does not enhance with contrast and the fluid 
inside the cyst gives a signal identical to cerebrospinal 
fluid (CSF). The cysts may be quite sizeable and do 
not contain septations (Fig. 3.19) [213]. The differen- 
tial diagnosis to syringomyelia may pose some prob- 


lems. Apart from septations, which are a common 
feature of syrinx cavities (Fig. 3.20) but are absent in 
glioependymal cysts, flow void signais on T2-weight- 
ed images and flow signais in cardiac gated cine MRI 
scans may help to distinguish a syrinx (Fig. 3.20) from 
an ependymal cyst (Fig. 3.21). However, this imaging 
modality is not absolutely reliable. Flow signais may 
be absent in syrinx cavities. Finally, the asymmetric 
shape of a syrinx on sagittal images (Fig. 3.22) com¬ 
pared to the symmetric appearance of ependymal 
cysts (Fig. 3.19) may be helpful for differential diag¬ 
nosis. 

Within the group of intramedullary hamartomas, 
dermoid cysts and lipomas should to be mentioned. 
These lésions are often, but not always, accompanied 
by manifestations of spinal dysraphism. In patients 
with dermoid cysts, an associated dermal sinus is not 
uncommon [14, 108, 181, 310], Likewise, a diastema- 
tomyelia [108, 306], a tethered cord [108, 257], incom¬ 
plète vertébral arches [260], or an additional lipoma 
[257] may be encountered. The cyst wall may enhance 
with contrast. The cyst contents vary in signal inten¬ 
sity as they may contain almost any type of tissue or 
substance. Most of them hâve been found in the conus 
medullaris (Fig. 3.23) [3,9,20,49,260], However, der¬ 
moid cysts hâve also been described at other spinal 
levels [64], such as the thoracic [30] or cervical me- 
dulla [10,65], 

Intramedullary lipomas are quite rare ifwe restrict 
this category to lipomas with a sizable intramedullary 
portion (Fig. 3.24). Almost ail intramedullary lipo¬ 
mas that we hâve encountered displayed an exophytic 
extension into the subarachnoid space. Whenever the 
extramedullary part was considered larger than the 
intramedullary part, we put that lipoma into the ex¬ 
tramedullary category. Cooper and Epstein [57] de¬ 
scribed 29 spinal lipomas, of which just 2 were located 
inside the spinal cord. The radiological features are 
quite clear on MRI, with the characteristic high signal 
intensity on Tl-weighted images [27]. With fat-sup¬ 
pression techniques, an MRI examination nowadays 
provides an accurate preoperative diagnosis [255]. As 
already mentioned for dermoid cysts, intramedullary 
lipomas may be associated with other features of spi¬ 
nal dysraphism [101]. However, this is less often ob¬ 
served compared to extramedullary lipomas, which 
demonstrate signs of spina bifida occulta in the ma- 
jority of patients. Any spinal level may be involved 
[188]. In children, intramedullary lipomas of remark- 
able extension hâve been described reaching from the 
cervical spine into the posterior fossa [40,63,174,227, 
232, 236, 342] or throughout the entire spinal cord 
[274], 
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Fig. 3.16. Tl-weighted sagittal MRI scans without (a) and 
with contrast enhancement (b), of a ganglioglioma at C5/6 in 
a 27-year-old woman. The tumor appears isodense and with¬ 
out contrast enhancement. There is, however, some enhance¬ 
ment on the posterior cord surface related to dilated veins. 


which can be better appreciated on the axial image (c). The 
T2-weighted sagittal (d) and axial (e) MRI scans disclose the 
tumor as a hyperdense lésion in the posterior part of the cord 
on the right side at C5/6 
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Fig. 3.19. Tl- (a) and T2-weighted (b) MRI scans of an ep- 
endymal cyst at Thl0-Thl2 in a 42-year-old woman with an 
18-month history of pain in her right leg. The cyst is in a cen¬ 
tral position, as apparent on the axial T2-weighted image (c). 


The cyst causes marked expansion of the cord and appears like 
a regular, symmetric cyst with sharp démarcation toward the 
spinal cord. There are no septations inside the cyst 
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Fig. 3.21 (a) T2-weighted sagittal MRI scan of an ependymal cyst at C4-C5 in a 62-year-old woman. The cardiac gated cine MRI 
scans display no flow signais within the cyst in systole (b) or diastole (c) 


Fig. 3.22. This T2-weighted sagittal MRI scan shows a syrinx Fig. 3.23. Tl-weighted sagittal MRI scan (without contrast) 

at C4-Th3 caused by an arachnopathy at Th3. The syrinx ex- of a predominantly intramedullary dermoid cyst at L1-L2 in 

pands in an upward direction away from the area of CSF flow a 42-year-old woman. The hyperdense signal of the cyst wall 
obstruction. This causes an asymmetric shape of the syrinx: and part of the cyst contents represent fatty components 
its diameter is largest close to the arachnopathy at Th3 ( arrow- 
head) and gradually tapers off toward C4 
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Fig. 3.25. MRI scans of a 50-year-old woman with multiple sclerosis. a This 
contrast-enhanced, Tl-weighted image shows an enhancing intramedullary spot 
at C4, which could be mistaken for an angioblastoma. b Sagittal T2-weighted im¬ 
age showing some perifocal edema and another hyperdense lésion at C2. c Axial 
T2-weighted image demonstrating a lésion in the posterior midline and a normally 
shaped cord. d Cranial T2-weighted scan displaying further lésions in the white 
matter, particularly on the left side. 
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Fig. 3.26. Signal characteristics of inflammatory lésions may 
change with time. These Tl-weighted sagittal MRI scans with- 
out (a) and with contrast (b), show an inflammatory lésion at 
C2-C3. The lésion does not cause a space-occupying effect. 
Without contrast, the cord looks absolutely normal. After con¬ 
trast application, there is some enhancement surrounding the 


lésion. The sagittal (c) and axial (d) T2-weighted images prés¬ 
ent an ill-defined, hyperdense lésion in the left side of the cord. 
On follow up after 12 weeks, the lésion appears larger and bet- 
ter demarcated on the sagittal (e) and axial (f) T2-weighted 
image, but there is still no space-occupying effect 


The differential diagnosis to inflammatory and 
demyelinating diseases may be difficult, especially 
with lésions that take up no or little contrast. If an 
intramedullary lésion is suspected to be a tumor, the 
following questions should be asked: 

1. Is the lésion space occupying? 

2. Does the lésion display different signal character¬ 
istics with time? 


3. Does the pathology affect different parts of the spi¬ 
nal cord with time? 

As a general rule, inflammatory and demyelinating lé¬ 
sions almost never displace cord tissue at ail, or to an 
extent that would explain the clinical symptoms 
(Figs. 3.25-3.29) [173, 190], Multiple spinal cord lé¬ 
sions may be detected in demyelinating (Fig. 3.25) and 
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Fig. 3.27. Tl-weighted sagittal MRI scans without (a) and 
with contrast (b), of a 35-year-old patient with an inflam- 
matory lésion at C2 and fluctuating paresthesias in his arms 
and legs. There is no contrast enhancement at ail on Tl, but a 
discrète enlargement of the cord is seen at this level. The sag¬ 


ittal (c) and axial (d) T2-weighted images demonstrate an ill- 
defined, hyperdense, and centrally located lésion. On fol- 
low up after 6 months (e) and 1 year (f), the lésion gradually 
regressed 


inflammatory diseases. If in doubt, the safest way to 
arrive at the most likely diagnosis is to repeat the MRI 
after a couple of weeks. Inflammatory and demyelin- 
ating reactions vary in intensity with time, leading to 
different radiological appearances within a few weeks 
or months (Figs. 3.26 and 3.27). Tumors never change 
their MRI appearance in such a short time. Contrast 
enhancement, on the other hand, does not prove that 
the lésion is a tumor (Figs. 3.25, 3.26, and 3.28) [302, 
332], Furthermore, in most demyelinating diseases 
such as multiple sclerosis, additional areas of patholo- 
gy will often be detected in other parts of the central 
nervous System so that additional MRI scans of the 
brain can be helpful in such cases (Fig. 3.25) [196]. 
However, multiple sclerosis can présent with an iso- 
lated spinal lésion. Another pathology to be considered 
is subacute necrotizing myelopathy with spinal cord 
edema and rim-like contrast enhancement (Fig. 3.29). 
With time, spinal cord atrophy develops [302], 


Lee et al. [190] presented a sériés of nine patients 
with nonneoplastic histologies who had been operated 
for suspected intramedullary tumors. Four patients 
had demyelinating lésions, two had sarcoidosis, two 
had amyloid angiopathy, and one patient an inflam¬ 
matory pseudotumor. The only feature common to ail 
of these lésions was a lack of spinal cord expansion. 

In some instances after postoperative radiothera- 
py, it may be very difficult to differentiate postradia¬ 
tion myelopathy from a récurrent tumor on MRI [261, 
302, 351]. Again, the presence of a space-occupying 
lésion and repeated scans may solve the diagnostic di- 
lemma. 

With increasing expérience, surgeon and neurora- 
diologist may be expecting a certain pathology and 
may find their preoperative assumptions to be correct 
with increasing frequency. However, one should not 
base operative decisions on MRI morphology. Wheth- 
er the tumor is resectable or not has to be determined 
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Fig. 3.28. Sagittal, contrast-enhanced Tl-weighted image (a) 
and T2-weighted image (b) of a lésion at C3-C4. These images 
could easily be misinterpreted as a contrast-enhancing intramed- 
ullary tumor. However, a space-occupying effect is again miss- 
ing. Coronal (c) and axial (d) T2 images demonstrate bilateral 
lésions. The patient was diagnosed with non-Hodgkins 
lymphoma 


in the operative theater. The surgeon should begin 
with the intention to remove the tumor completely 
[57] rather than expecting that not much can be done 
anyway because the tumor looks like an infiltrating 
glioma on MRI, for instance. Similarly, radical tumor 
removal should not be forced without a clear-cut 
démarcation just because the MRI suggests a clearly 
demarcated and, thus, resectable tumor. 

Finally, one should remember the rare association 
of hydrocephalus with an intramedullary tumor [266, 
268, 278], If the clinical examination and patient his- 


tory suggest the possibility of hydrocephalus, a CT or 
MRI of the head should be performed. In patients 
with malignant astrocytomas, the presence of hydro¬ 
cephalus is an ominous sign as it indicates a fast pro¬ 
gressif and possibly disseminating tumor disease 
[278]. We observed hydrocephalus in one patient at 
the time of récurrent growth of his thoracic anaplastic 
astrocytoma. 
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Fig. 3.29. Tl-weighted sagittal 
MRI scans without (a) and with 
contrast (b), of a 60-year-old patient 
with a necrotizing myelopathy (Foix- 
Alajouanine syndrome) of the upper 
cervical cord. The lésion is hypodense 
due to edema formation with peri- 
focal contrast enhancement and 
centrally located (c). d The T2- 
weighted image displays marked 
edema extending into the thoracic 


3.3 

Surgery 

Before describing the surgical techniques and strate¬ 
gies for removal of intramedullary tumors, we would 
like to comment on the perioperative use of cortico- 
steroids. Several colleagues give high-dose corticoste- 
roids before, during, and 24 h after surgery for an in¬ 
tramedullary tumor [130, 263], In 1990 the results of 
the Second National Acute Spinal Cord Injury Study 
(NASCIS II) were published, which showed that the 
administration of a high-dose regimen of méthyl¬ 


prednisolone could improve neurological recovery in 
spinal-cord-injured patients [25]. As several experi¬ 
mental studies demonstrated that steroids work even 
better if they are administered before injury, patients 
undergoing intramedullary surgery should benefit 
from such a regimen. However, the NASCIS II and III 
studies hâve also been heavily challenged [51]. This 
leaves a considérable amount of controversy to be re- 
solved. At the moment, no general recommendation 
can be given until further studies hâve established a 
benefit. We hâve not routinely administered cortico- 
steroids for spinal cord surgery. 
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3 . 3.1 

Exposure 

The exposure of an intramedullary tumor is done ex- 
clusively from the posterior position. Except for cervi¬ 
cal tumors, we operate with the patient in the prone 
position. In the prone position, care should be taken to 
support the abdomen and thorax sufficiently to facili- 
tate central venous flow in order to limit épidural ve- 
nous bleeding and to prevent pressure-related injuries 
during a procedure that will often take several hours. 
For cervical tumors down to a level of about Thl/2 we 
prefer the semisitting position. Provided an anesthe- 
siological team experienced with this position is at 
hand, it does offer considérable advantages. In partic- 
ular, a clean surgical field is easy to maintain at ail 
times by simple irrigation. This minimizes the neces- 
sity for additional suction next to or within the spinal 
cord. During positioning we monitor sensory evoked 
potentials (SEPs) to avoid undue pressure on the cord 
during this maneuver. Especially for the cervical area, 
the spinal canal may be completely filled with cord 
and tumor, so that additional osteophytic changes in 
elderly patients or the physiological mobility of the 
spine in juvénile patients hâve to be considered. 

Once the positioning is completed we détermine 
the correct spinal level under fluoroscopie control. 
We perform a midline incision down to the fascia. 
The fascia is incised next to the spinous processes on 
both sides. Small arterial bleeders are usually found 
directly on the tips of the spinous processes where the 
fascia is attached, and can be easily coagulated. Next, 
we detach the muscles from the spinous processes and 
vertébral arches with the periosteum. We recommend 
use of a blunt instrument like a raspatorium to put the 
muscles fibers under latéral tension. In this way mus- 
cular attachments can be identified and transected. 
Starting at one end of the exposed vertébral arches, 
we proceed in this manner and put cotton tampon- 
ades next to the now-exposed bony éléments. In this 
way, blood loss should be minimal. 

Once ail vertébral arches are exposed to about the 
intervertébral joints we check once more the correct 
spinal level with fluoroscopy. Before starting to re- 
move any bone we establish complété hemostasis. For 
intramedullary tumors, we perform a small médial 
laminotomy, which is about 10-15 mm wide. For this 
purpose we eut the vertébral arches with a small cra- 
niotome and remove ail laminae including the inter- 
spinous and yellow ligaments together in one block 
(Fig. 3.30). Some authors prefer to use a small dia- 
mond drill. To avoid shrinkage of the interspinous 
ligaments we store laminae and ligaments under ten¬ 
sion during the remainder of the procedure and keep 



Fig. 3.30. a Intraoperative view on the thoracic spine of a 
3-year-old child with an extensive intramedullary tumor. The 
muscles hâve been detached laterally from vertébral arches to 
about the level of intervertébral joints, b A small craniotome 
is used to eut laminae and yellow ligaments together starting 
at the lowest spinal level of the exposure. To insert the cranio¬ 
tome correctly underneath the ligament, a small interlaminar 
fenestration should be performed at the entry level. The cra¬ 
niotome is angled laterally and the cutting is performed right 
along the spinous processes on either side. c With transection 
of the interspinous ligaments, the laminotomy block can be 
elevated in one piece 


them moist with isotonie saline solution (Fig. 3.31). In 
this fashion, we ensure a good fit of the laminae for 
reinsertion at the end of the operation. 

Conventional laminectomies should be avoided 
whenever possible. If a laminectomy is performed, we 
use a flat-footed Kerrison punch to avoid pressure on 
the spinal cord. We recommend leaving the yellow 
ligament intact during bone removal. In this way, in¬ 
jury to the épidural veins can be easily avoided. Once 
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Fig. 3.31. a The laminotomy block is put under tension and is 
kept moisturized during tumor removal to prevent shrinkage 
of interlaminar ligaments (b). This ensures a good fit at the 
time of reinsertion 



Fig. 3.32. a This close-up view shows the épidural fat con- 
taining the épidural venous plexus covering the dura after re¬ 
moval of the laminae. With large tumors, the épidural fat may 
be completely absent, only to reappear above and below the tu¬ 
mor, indicating the major tumor extension. The cutting of the 
lamina and the yellow ligament avoids pulling on épidural fat 
and its veins and, thus, limits blood loss. b With coagulation 
and shrinkage of the épidural fat medially, the dura becomes 
exposed in the midline. This dura exposure is sufficient for 
removal of an intramedullary tumor 


the vertébral arches are removed, the yellow ligament 
is resected sharply. Care should be taken not to pull 
on the épidural fat during this maneuver as profuse 
bleeding from épidural veins may resuit, especially in 
the thoracic spine. 

After removal of the yellow ligament or the lami¬ 
notomy block, the épidural fat may be eut longitudi- 
nally in the midline and then mobilized laterally by 
shrinking it with bipolar coagulation. In this way, 
blood loss should be minimal during the exposure 
(Fig. 3.32). Quite often, however, épidural fat and 
veins are compressed and displaced laterally by the 
intramedullary tumor and veins will only start bleed¬ 
ing after the tumor is removed. 

An alternative technique has been described by 
Yasargil et al. [350], They used a modified multilevel 
hemilaminectomy to approach and remove intramed¬ 
ullary angioblastomas. The advantage of this ap¬ 
proach is the préservation of posterior ligaments in 
the midline and the laminae on the contralatéral side. 
As angioblastomas are generally located in a medio- 
lateral position within the spinal cord, this approach 
is sufficient for a laterally located tumor. In recent 
years, selected cases with small latéral located tumors 


were removed, even via interlaminar fenestrations, to 
preserve the integrity of the laminae. 

From this point on, surgery is performed with the 
aid of the operative microscope. The dura is opened 
in the midline. Durai rétention sutures are used to 
keep the dura open and under tension. The arachnoid 
membrane should be left intact during opening of the 
dura to avoid injury to the spinal cord and its vessels. 
A more detailed description on the microsurgical 
anatomy of the subarachnoid space is given in the sec¬ 
tions on anatomy and extramedullary tumors. Once 
the dura is opened entirely, the arachnoid membrane 
is opened with microscissors. Arachnoid septations 
and adhesions should be dissected sharply to avoid 
tearing of small blood vessels and tension on the spi¬ 
nal cord. 


3 . 3.2 

Tumor Removal 

Once the arachnoid membrane is opened with micro¬ 
scissors, the cord is inspected for a suitable area for 
opening. In most instances, the posterior aspect of 
the cord will not présent any signs of the underlying 
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Fig. 3.33. (Continuation see nextpage) 
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Fig. 3.33. (Continuation see nextpage) 
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Fig. 3.33. ( Continued ) Tl-weighted, contrast-enhanced, sag¬ 
ittal (a) and axial (b) MRI images of an ependymoma at C5 
in a 64-year-old woman with a 2-month history of sensory 
disturbances in both arms. A small syrinx accompanies the 
tumor cranially. C Appearance of the spinal cord after opening 
of the dura in the semisitting position. The cord appears swol- 
len but otherwise normal on inspection. Small surface vessels 
enter the cord in the midline. d After cutting the pia mater, 
the cord is carefully opened in the midline. e The posterior 
surface of the tumor is reached. In the upper half of the pic- 
ture, the midline vessels converging from both sides toward 
the médian raphé of the spinal cord can be appreciated ( ar - 
rowheads). f Pia rétention sutures are applied. g The entire 
tumor is exposed. h Debulking of the tumor has started with 


small forceps, i Gently pulling on the remainder of the tumor 
allows to bluntly dissect the surrounding cord along a clearly 
defined dissection plane, j Entering the syrinx, the upper pôle 
of the tumor is reached. Now the tumor can be dissected out 
of the cord anteriorly. Small feeding vessels in the midline ( ar - 
rowhead) can be identified (k), coagulated and eut (I). m This 
view shows the appearance after resection of the upper half of 
the tumor. After complété resection (n), the pia sutures are eut 
(o) and the pia is closed with 8-0 sutures (p). The postopera- 
tive MRI scans in Tl (q) and T2 (r) reveal a complété resection 
with collapse of the associated syrinx and the resection cavity. 
The patient is without any additional neurological déficits in 
unchanged condition 1 year postoperatively 


tumor - unless the neoplasm has reached the pia ma¬ 
ter or even grown exophytically. Sometimes superfi- 
cial discoloration as a resuit of tumor hemorrhages 
may indicate the underlying pathology. However, es- 
pecially in patients with an additional syrinx, the ex¬ 
tension of the solid intramedullary tumor cannot be 
determined by inspection of the cord as the cord will 
appear swollen over a more extensive area. Therefore, 
we recommend the use of ultrasonography to check 
that the exposure is adéquate and to détermine the 
exact position of the solid tumor before embarking on 
the myelotomy [83,164, 200, 203, 272, 275], 

Basically, three options exist. In most instances, 
the myelotomy is done in the midline (Fig. 3.33). If the 
tumor is located laterally, the dorsal root entry zone 
may be used. With angioblastomas, arterialized veins 
and enlarged feeding arteries often indicate the posi¬ 
tion of the tumor (Fig. 3.34). With tumors reaching 
the surface or those with exophytic growth, the spinal 


cord can be entered in that area (Fig. 3.35). Care 
should be taken to avoid unnecessary coagulation of 
the posterior surface vessels, as this may cause sig- 
nificant sensory problems. Monitoring of SEPs is par- 
ticularly helpful during this part of the operation. 
Even though only a portion of the sensory fibers can 
be stimulated and a complété picture of sensory func- 
tions cannot be obtained [116], SEP monitoring edu- 
cates the surgeon to proceed in a manner that will not 
put undue stress on the spinal cord, and the posterior 
pathways in particular [135], In addition, monitoring 
of motor evoked potentials is recommended and ex- 
tremely helpful during ail steps of tumor removal 
[151-153,178,183, 229], 

We recommend that the spinal cord be opened 
over the entire tumor as the first step of dissection 
[301,318], We use a diamond knife or microscissors to 
eut the pia mater. The remainder of the cord opening 
should be performed with blunt instruments. We 
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Fig. 3.35. Tl-weighted, contrast-enhanced sagittal (a) and 
axial (b) MRI images of an intramedullary WHO grade I as- 
trocytoma at C3-C7 in a 37-year-old man with a 9-year history 
of a progressive tetraparesis. Other institutions advised against 
surgery, so he had been reluctant to undergo surgery, until he 
finally presented with a severe tetraparesis and was unable to 
walk. The tumor appears mostly cystic with a significant syr- 


inx above and below it. c The intraoperative view on the spinal 
cord in the semisitting position indicates, that the tumor has 
reached the pia mater on the left side and occupies mainly the 
left side of the cord. d The pia mater is opened in the midline 
and the tumor becomes immediately apparent, e, f Dissection 
with tumor forceps allows delivery of the tumor step by step. 
(Continuation see nextpage ) 


Fig. 3.34. Tl-weighted, contrast-enhanced sagittal (a) and 
axial (b) MRI images of an angioblastoma at C5 in a 52-year- 
old woman with a 4-year history of pain and a slight tetrapare¬ 
sis. There is a marked syrinx above and below the tumor which 
reaches the posterior cord surface on the right side. c The in¬ 
traoperative view on the spinal cord in the semisitting position 
shows the characteristic orange color of the tumor surrounded 
by feeding arteries and dilated veins. d With bipolar coagula¬ 
tion of feeding arteries and the tumor surface, slight suction on 


the tumor allows blunt dissection around the tumor. Further 
feeding vessels within the cord were not présent in this case so 
that the angioblastoma could be lifted out of the cord in toto 
(e). f This photograph demonstrates the view inside the syrinx 
after removal of the tumor. Five years later, the Tl-weighted, 
contrast-enhanced MRI image (g), shows no récurrence. The 
T2-weighted axial scan (h) shows the resection area. Postop- 
eratively, the patient remained in unchanged condition 
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Fig. 3.35. ( Continued ) After complété resection, the syrinx 
is entered at the cranial end (g) and the tumor bed appears 
without residual tumor. Please note the exposure of the dura 
on the left side where the tumor had reached the pia mater 
(h). The postoperative Tl-weighted images in sagittal (i) 
and axial (j) orientation demonstrate a complété resection of 
the left-sided tumor and collapse of the syrinx. The patient’s 
neurology was unchanged postoperatively 


spread the overlying cord fibers apart with two mi- 
crodissectors to go deeper. In this way, we can mini- 
mize the amount of sharp dissection [85], Therefore, 
we would rather like to avoid the term “myelotomy” 
and use “opening of the spinal cord” instead. A good 
landmark as to the position of the midline is the pos- 
terior médian septum, a thin fibrous structure that 
séparâtes the spinal cord in two halves posteriorly. 
Small vessels on both sides converging to this septum 
guide the surgeon to the exact midline (Fig. 3.33). 
However, médial structures may be displaced to ei- 
ther side if the tumor has not grown in the center 
(Fig. 3.36). Next, we use 6-0 sutures, which we anchor 
in the pia mater and connect to the dura to keep the 
cord open (Figs. 3.33, 3.35, and 3.36) [130, 301], This 
maneuver minimizes manipulation of the spinal cord 


during tumor removal, protects the latéral spinal cord 
surfaces from injury, and may later facilitate the dé¬ 
termination of tissue planes considerably once the 
tumor has been debulked. 

The next step of the operation should concentrate 
on reducing the size of the intramedullary tumor. The 
only exception to this rule applies to angioblastomas 
(Fig. 3.34). They hâve to be resected en bloc to avoid 
profuse bleeding. For the remaining pathologies, tu¬ 
mor size réduction may be achieved by either coagu¬ 
lation or debulking of the tumor. Any latéral dissec¬ 
tion right at the beginning carries the risk of applying 
a lot of pressure to the surrounding cord. Debulking 
can be done with tumor forceps, sharp dissection, or 
ultrasound aspiration (cavitron ultrasonic aspiration, 
CUSA) depending on the consistency of the tumor 
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Fig. 3.36. Tl-weighted, contrast-enhanced sagittal (a) and 
axial (b) MRI images of an intramedullary WHO grade I as- 
trocytoma at C6-C7 in a 23-year-old woman with a 10 year 
history of right sided arm pain progressing to a slight tetrapa- 
resis. There is no significant syrinx associated with the tumor 
that is located on the right side. c The intraoperative view on 
the spinal cord in the semisitting position displays no visible 


abnormality. d Opening of the cord in the midline displays a 
normal cord on the left side with small vessels indicating the 
midline, which is displaced to the left side. The tumor affects 
exclusively the right side of the cord. e With graduai debulk- 
ing of the tumor from inside, a dissection plane appears on the 
right side. (Continuation see nextpage) 
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Fig. 3.36. ( Continued ) f This view présents the situation after partial 
resection, g After complété resection of the tumor, the dissector ( arrow- 
head) points to the area where the tumor originated. A good dissection 
plane was présent ail around the tumor except for this small région, h The 
pia is closed with 8-0 sutures, i, j The postoperative, contrast-enhanced MRI 
scans after 1 year demonstrate no apparent residual or récurrent tumor. 

The patient was unchanged postoperatively and returned to work 3 months 
after surgery 
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Fig. 3.37. (Continuation see nextpage) 





3 Intramedullary Tumors 



Fig. 3.37. ( Continueli) Tl-weighted, contrast-enhanced sag¬ 
ittal (a) and axial (b) MRI images of an intramedullary ep- 
endymoma at Th5-Thl0 in a 19-year-old man with NF-2 
and a 1-month history of a progressive left-sided paraparesis. 
The tumor appears partly cystic and is associated with a syr- 
inx above. c The intraoperative overview on the spinal cord 
reveals a grossly abnormal surface with parts of the tumor 
having reached the pia and discolorations related to small tu¬ 
mor hemorrhages. d This view demonstrates a doser view of 
the cord surface before opening of the arachnoid membrane, 
e, f After the arachnoid membrane has been opened, pial ves- 
sels can be seen on the cord surface with tumor tissue right un- 


derneath. The yellowish hazy-appearing structures are poste- 
rior white matter tracts that hâve been displaced by the tumor. 
g The pia has been opened in the midline. With debulking of 
the tumor, the latéral dissection plane becomes visible ( arrow- 
heads ; g, h). After complété removal of the tumor (i), the cord 
is closed with 8-0 pia sutures (j). The postoperative sagittal 
(k) and axial (I) Tl-weighted, contrast-enhanced MRI images 
demonstrate a complété tumor resection and shrinkage of 
the syrinx. The patient experienced a significant neurologi- 
cal détérioration after surgery. He regained his preoperative 
status within 6 months and is free of a récurrence 1 year after 
surgery 


and its vascularity (Figs. 3.33 and 3.35-3.37). Only 
if sufficient debulking or shrinking of the tumor 
has been achieved should one try to dissect tumor 
margins toward the surrounding cord (Figs. 3.33 
and 3.35-3.37). With infiltrating tumors, debulking 
is continued as long as one can safely remain inside 
the tumor. Once the transition zone toward normal 


cord tissue is reached, tumor removal is stopped 
(Fig. 3.36). 

Whether a dissection plane between tumor and 
cord can be determined is of paramount importance 
for radicality. Several techniques may be used to 
achieve this goal. In some instances it may be possible 
to almost wipe the covering layer of spinal cord tissue 
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Fig. 3.38. (Continuation see nextpage ) 
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Fig. 3.38. ( Continued ) Tl-weighted, contrast-enhanced 
sagittal (a) and axial (b) MRI images of an intramedullary 
angioblastoma at C4-C5 on the right side in a 44-year-old 
woman with a 10-year history of sensory disturbances in her 
right arm. She underwent radiotherapy, which did not prevent 
further détérioration. At the time of surgery, her entire right 
arm was plegic with gait ataxia becoming apparent. Again, a 
significant syrinx is visible. C This intraoperative view in the 
semisitting position after dura opening demonstrates arach- 
noid scarring as a resuit of the radiotherapy. d After opening 
of the arachnoid, the tumor is just appearing as an orange spot 
in the dorsal root entry zone on the right side surrounded by 


tumor-feeding vessels and posterior roots, e The tumor ap- 
peared somewhat brittle. After shrinking of the tumor with 
bipolar coagulation, most of it could be removed in one piece. 
Parts of it, however, remained attached to the surrounding gli- 
otic zone visible on the left ( arrowhead ). The syrinx at the top 
is entered and serves as a valuable adjunct to détermine the 
correct dissection plane. After complété resection (f ), the cord 
is closed with 8-0 pia sutures (g). The postoperative sagittal 
(h) and axial (i) Tl-weighted, contrast-enhanced MRI im¬ 
ages, demonstrate a complété tumor resection. The patient’s 
neurological condition was left unchanged 


off the tumor capsule with fine forceps and microdis- 
sectors (Figs. 3.37). Alternatively, two fine forceps can 
be used to separate cord and tumor tissue from each 
other (Figs. 3.33, 3.35). In other instances the spinal 
cord may be very adhèrent to the tumor, and even 
with a clear définition of a dissection plane prépara¬ 
tion along this plane may be difficult. In such cases, 
sharp dissection is required to remove the tumor. 
With vascular lésions such as angioblastomas and 
cavernomas, coagulation of the tumor opens the 
cleavage plane (Fig. 3.34). In patients who hâve been 
irradiated, a gliotic plane has been generated by ra¬ 
diotherapy (Fig. 3.38). This may render dissection 
and identification of a correct cleavage plane very dif¬ 
ficult [346, 347], 

Of particular help to define a correct dissection 
plane may be an associated syrinx at the lower and/or 
the upper pôle of the tumor. A syrinx clearly defines 
the limit of the tumorous process, and may help con- 


siderably to détermine the margins of the tumor 
(Figs. 3.33-3.35 and 3.38) [89, 217, 317, 318]. 

Similarly, a gliotic wall around a former tumor 
hemorrhage may be helpful for dissection. On the 
other hand, a fresh intramedullary tumor hemor¬ 
rhage may make the détermination of dissection 
planes impossible. Therefore, radical tumor removals 
should not be attempted in the acute phase after an 
intramedullary hemorrhage unless the dissection 
plane can be clearly determined. In such instances, 
surgery should first aim to decompress the cord by 
opening the pia and removing the clôt. If tumor re¬ 
section is judged too risky in such an operation, a sec¬ 
ond attempt can be scheduled once the glial tissue 
around the hemorrhage has formed and the patient 
has recovered some function (Fig. 3.39). 

Once tissue planes are determined, the remainder 
of the tumor can be removed. Care has to be taken 
to identify tumor feeding vessels, which hâve to be 
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Fig. 3.39. a Tl-weighted, contrast-enhanced sagittal MRI 
scan of an intramedullary ependymoma at Th8-Th9 in a 44- 
year-old woman with a 5-month history of sensory distur¬ 
bances in her right leg. A few weeks before surgery she expe- 
rienced a sudden neurological détérioration with development 
of a paraparesis. The scan shows the contrast-enhancing tu- 
mor ( arrowheads ) and signal changes above and below due to a 
hemorrhage. b The intraoperative view after opening the cord 
in the midline and applying pia rétention sutures displays the 
hematoma cavity and the tumor. Note the collapsed cord to 
the right after évacuation of the clôt, c This view demonstrates 


the situation after partial removal of hematoma and tumor. 
The dissection was very difficult in the edematous cord due 
to ill-defined tumor borders obscured by the hemorrhage. 
d After complété resection, the tumor bed looks fine. Post- 
operatively, the patient deteriorated significantly with loss of 
walking abilities and sphincter control and made only a par¬ 
tial recovery. In retrospect, just the hematoma should hâve 
been evacuated and the tumor removal postponed until some 
function had been recovered and the remaining hematoma 
resorbed 


coagulated and eut. Important feeding vessels may 
dérivé from the anterior spinal artery, especially in 
ependymomas (Fig. 3.33). Dissection has to minimize 
any undue tension on these feeding vessels to avoid 
any compromise to this important artery. By often 
changing the area of dissection from left to right and 
superior to inferior, one can distribute the stress one 
puts on the cord and its vessels during removal. In 
this way, a radical resection is generally possible for 
tumors that do not infiltrate the spinal cord [84, 85]. 

In most instances, the surgeon will hâve to operate 
on the intramedullary tumor without knowing the 


exact histology - with the exception of vascular tu¬ 
mors such as cavernomas and angioblastomas, which 
can be easily identified even before surgery in most 
patients. For the remainder, intraoperative frozen sec¬ 
tions should not be relied upon [318]. They can give 
information as to the benign or malignant nature of 
the tumor, but due to the small specimen available for 
analysis, the rate of false diagnoses is higher compared 
to intracranial tumors, for instance. Therefore, the 
surgeon has to rely foremost on his own intraoperative 
judgment. Nevertheless, a few points spécifie for the 
most common pathologies are worth mentioning. 
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Fig. 3.40. a Tl-weighted, contrast-enhanced sagittal MRI 
Scan of an intramedullary ependymoma at C4-Thl in a 32- 
year-old woman with a 7-year history of pain and progressive 
tetraparesis. The tumor is associated with a significant syrinx 
above and below. b This intraoperative view in the semisitting 
position shows the tumor exposed after opening of the cord in 
the midline. c In this case, the tumor came out almost by itself 
due to its enormous pressure, d The tumor could be dissected 
out in one piece. This picture demonstrates an anterior feed- 
ing vessel in the midline, which has to be coagulated and eut. 
Too much tension on such a feeding vessel can interfère with 
the blood supply from the anterior spinal artery. e This view 
demonstrates the complété tumor resection. The postoperative 
sagittal (f) and axial (g) Tl-weighted MRI scans reveal no ré¬ 
current or remaining tumor and a complété disappearance of 
the syrinx. The neurological status recovered to the preopera- 
tive level within 6 months with marked improvement of pain 
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3 . 3 . 2.1 

Removal of Ependymomas 

In general, ependymomas are completely resectable 
[204, 301]. They displace rather than infiltrate the spi¬ 
nal cord. Some ependymomas may exert such enor- 
mous pressure that they almost corne out by them- 
selves once the pia has been opened (Fig. 3.40) [217], 
In such instances, the pia has to be opened quickly 
over the entire extension of the tumor and blunt in¬ 


struments should be used for posterior and latéral 
dissection of the tumor. With an insufficient pial 
opening, on the other hand, posterior pathways may 
be injured by the extruding tumor. With ependymo¬ 
mas associated with a syrinx, the cyst may be lined by 
a gliotic wall. This gliosis can be left in place and has 
to be distinguished from tumor tissue. It is sufficient 
to remove the solid tumor part (Fig. 3.41). 



Fig. 3.41. Tl-weighted, contrast-enhanced coronal (a) and 
axial (b) MRI images of an intramedullary ependymoma at 
C1-C2 in a 32-year-old woman with NF-2 and a 6-month his- 
tory of gait and sensory disturbances. The solid tumor demon- 
strates bright contrast enhancement and is located at the bot- 
tom of the associated cyst on the right side. c This intraoperative 


photograph in the semisitting position demonstrates the view 
on the upper cervical cord after dura and arachnoid mem¬ 
brane opening. The tumor cyst is visible underneath the pia. 
d The pia is incised to evacuate some of the cyst fluid. e The 
solid tumor becomes apparent after opening of the pia and the 
posterior cyst wall. (Continuation see nextpage) 
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Fig. 3.41. ( Continued ) The tumor can be dissected from the 
cyst wall with two fine tumor forceps (f) and removed almost 
in one piece (g), h This view demonstrates the complété tumor 
resection. The postoperative Tl-weighted, contrast-enhanced 


sagittal (i) and axial (j) MRI scans show no tumor remnant or 
récurrence 5 years after operation. The patient’s neurological 
symptoms improved postoperatively 


In ail cases, tumor feeding vessels hâve to be iden- 
tified and eut. Of particular importance are those 
arising from the anterior spinal artery in the midline. 
In any case, care should be taken to avoid too much 
tension on these feeding vessels as this may compro¬ 
mise spinal cord blood supply. Sufficient tumor deb- 
ulking and coagulation and transection of these feed- 
ers are required to prevent such problems (Figs. 3.33, 


3.40, and 3.42). Ependymomas may extend toward 
the pia mater so that the dura may be exposed after a 
complété resection (Fig. 3.42). 

In the absence of associated cysts it may not always 
be easy to identify the upper and lower margins of an 
ependymoma [217]. In such instances the tumor may 
transgress into a fine thin structure towards the 
central canal. At that stage, this structure should be 
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Fig. 3.42. a This Tl-weighted sagittal MRI scan shows an 
intramedullary ependymoma at C2-C7 ( arrowheads ) with 
small syrinx cavities above and below in a 25-year-old woman 
with a 1-year history of progressive tetraparesis. b This view 
in the semisitting position reveals the grossly swollen spinal 
cord. Note the injury to the cord surface with dura opening 
in the upper part of the exposure ( arrowhead ). With opening 
of the cord in the midline, the pressure of the tumor allowed 
it to be dissected out in one piece, starting at the upper pôle 


entering the syrinx (c) and working carefully downward (d). 
e Once again, it has to be emphasized that care must be taken 
to avoid the small anterior feeding vessels coming from the 
anterior spinal artery ( arrowhead ). Note that this tumor had 
penetrated the cord anteriorly close to the anterior spinal ar¬ 
tery, exposing the ventral dura on the left side. f The final in¬ 
traoperative view shows a clean resection field. (Continuation 
see nextpage ) 



60 


3 Intramedullary Tumors 




Fig. 3.42. ( Continued ) The postoperative sagittal (g) and axial (h) Tl-weighted, con- 
trast-enhanced MRI scans reveal a complété resection, but also an extensive posterior 
fixation of the cord to the dura. The excellent postoperative neurological outcome lasted 
for 1 year. Since then the has patient suffered from a severe dysesthesia syndrome and 
myelopathy. Within 8 years, no tumor récurrence has developed 


transected rather than followed further, which would 
require additional dissection deep in the center of the 
cord. 

Ependymomas may extend over several spinal lev- 
els and reach enormous sizes (Fig. 3.37). This should 
not deter the surgeon from recommending surgery. 
Even tumors affecting the entire spinal cord hâve 
been removed successfully in single or multiple stages 
[66]. Likewise, ependymomas extending into the me- 
dulla oblongata are amenable to surgery [129]. 


33.2.2 

Removal of Astrocytomas 

In general, astrocytomas hâve to be considered as in- 
filtrating tumors. Therefore, the identification of 
cleavage planes carries considérable risks and may 
even be outright impossible [130,204], However, some 
astrocytomas do présent cleavage planes, allowing a 
complété resection using similar dissection tech¬ 
niques as described for ependymomas. The strategy 
of choice is to remove them from inside out [80], In 
tumors with ill-defined margins, CUSA is idéal to de- 
bulk the mass. Astrocytomas may display varying 
characteristics during dissection: they may show a 
nice cleavage plane in some areas, but in other parts 
infiltrate surrounding tissue diffusely [152], Tumor 
feeding vessels may corne from ail angles and do not 
originate from the anterior spinal artery as regularly 
as in ependymomas. Regardless of dissection tech¬ 


nique, the danger of creating an artificial cleavage 
plane that does not exist is real. As long as the tissue 
appears pathologie - consistency, color, and structure 
may be used as guidelines - debulking can be contin¬ 
ued. In some cases, a clear dissection plane can be fol¬ 
lowed ail around the tumor (Figs. 3.35, 3.43, and 3.44) 
or in most places (Fig. 3.36). In the remainder, one 
reaches a kind of transitional zone toward normal tis¬ 
sue at some stage. Without a clear-cut plane of dissec¬ 
tion, no further removal should be attempted once 
the mass of the tumor has been removed (Fig. 3.45) 
[80,130, 318], 

Astrocytomas may extend over several spinal seg¬ 
ments (Fig. 3.45) and may even occupy the entire spi¬ 
nal cord, especially in young children. Such tumors 
hâve been removed in two-staged operations [19, 36, 
81,241]. 

With malignant astrocytomas, a complété resec¬ 
tion is impossible, as ail of them display an infiltrat- 
ing growth pattern (Figs. 3.46 and 3.47), which may 
also involve nerve roots (Fig. 3.46). In patients with a 
rather short clinical history and an infiltrating tumor, 
we do use frozen sections to establish the anaplastic 
or highly malignant nature of such a tumor. In these 
instances, conservative debulking is performed to re¬ 
move the mass. But no attempt is undertaken to search 
for a cleavage plane in order to prevent any postopera¬ 
tive neurological détérioration, as a récurrence is cer¬ 
tain irrespective of the amount of resection. 
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Fig. 3.43. Tl-weighted, contrast-enhanced sagittal (a) and 
coronal (b) MRI images of an intramedullary cystic WHO 
grade I astrocytoma at Cl in a 36-year-old woman with NF-2 
and a 10-year history of dysesthesias and sensory disturbanc¬ 
es. Note the contrast enhancement of the cyst wall. c This 
intraoperative view of the cord taken with the patient in the 
semisitting position shows the situation before opening the 
midline. d The lésion could be removed in piecemeal fashion 
with fine tumor forceps. This view picks up the situation after 
partial resection. Note the open foramen of Magendie at the 
top (e). (Continuation see nextpage) 
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Fig. 3.43. f (Continued) The tumor could be resected com- improved postoperatively. No récurrence has been observed 
pletely. g The postoperative sagittal Tl-weighted, contrast-en- within 4 years follow-up 
hanced MRI scan shows no residual tumor. The patients gait 



Fig. 3.44. This sériés of sagittal and axial MRI scans show an es and dysesthesias in his arms. Tl-weighted scans without (a) 
intramedullary WHO grade I astrocytoma at C1-C2 in a 21- and with contrast (b), reveal no uptake by the tumor at ail. 
year-old patient with a 3-month history of sensory disturbanc- (Continuation see nextpage) 
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Fig. 3.44. The T2-weighted images in the sagittal (c) and 
axial planes (d) give the best radiological démarcation of this 
large tumor. e The intraoperative view after dura opening, 
taken with the patient in the semisitting position, demon- 


strates the grossly swollen cord. With opening of the pia in 
the midline, the tumor is encountered immediately (f), and 
protrudes out slightly due to its pressure after applying pial 
sutures (g). (Continuation see nextpage) 
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Fig. 3.44. h ( Continuai ) The tumor is gently debulked 
with two forceps, i This view demonstrates the situation 
after partial resection, j With most of the tumor mass 
resected, a dissection plane could finally be detected and 
followed ail around, resulting in a complété resection, 
k This picture shows the cord after complété tumor excision. 
To avoid coagulation of the small vessels in the tumor bed, 
small strips of fibrin tissue were applied. The sagittal Tl- (I) 
and axial T2-weighted (m) MRI scans 8 months later show 
no residual tumor. After a slight neurological détériora¬ 
tion, the patient regained his preoperative function within 
6 months, with just slight problems of finger and hand 
coordination remaining on the right side. 
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Fig. 3.45. Sagittal T2- (a) and Tl-weighted MRI images 
without (b) and with contrast (c), of an intramedullary astro- 
cytoma WHO grade II—III at Th7-L2 in a 3-year-old girl with 
a 1-year history of a progressive paraparesis. There is irregular 
contrast enhancement and a marked enlargement of the cord. 
The spinal canal is widened. d The axial scan demonstrates 
a tumor with ill-defined margins. After opening of the dura 
and the arachnoid membrane, a grossly abnormal cord surface 
appears with arachnoid adhesions at the lower (e) and upper 
(f) tumor pôles, g Opening the cord in the midline at the up¬ 
per pôle discloses the characteristic surface vessels converging 


in the midline in the left half, and tumor tissue appearing in 
the right half of the photo, h, i Applying pia sutures after cord 
opening, the tumor seems to fill out the entire cord and starts 
to protrude out in the lower part (i). j This image shows the 
situation half way through debulking of the mass, k With most 
of the pressure on the cord relieved by debulking, a plane ap¬ 
pears in the upper part of the tumor, which can be followed 
with blunt dissection in most areas. I The anterior pia mater is 
reached by following the tumor margin. The tumor had split 
the cord into two halves longitudinally. (Continuation see next 
page ) 
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Fig. 3.45. ( Continued ) After resection of the tumor, the up- 
per (m) and lower parts (n) of the tumor bed are demonstrated. 
o The pia mater is closed with 8-0 sutures. The postoperative 
Tl-weighted, contrast-enhanced MRI scans in the sagittal (p) 
and axial planes (q, r) show a complété resection of this tu¬ 
mor. At Th7/8 and Ll, small areas of contrast enhancement are 
visible, suggesting small tumor remnants (arrowheads in p). 
Postoperatively, the patient experienced an almost complété 


paralysis of both legs. With intensive réhabilitation, the girl 
started to walk again after 1 year. Sphincter functions, how- 
ever, did not recover. Despite tremendous problems with the 
histopathological grading and recommendations by pédiatrie 
oncologists to give chemotherapy to this child, it was decided 
against any adjuvant therapy. The girl is free of a récurrence 
for 2 years. The last follow-up scan shows no tumor and a 
slight kyphosis (s) 
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Fig. 3.46. (Continuation : 
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Fig. 3.46. ( Continued ) Tl-weighted, contrast-enhanced sagit¬ 
tal (a) and axial (b, c) MRI images of an intramedullary WHO 
grade III astrocytoma at Th5-Th8 in a 49-year-old man with a 
12-month history of a painlessly progressing paraparesis. There 
is patchy contrast enhancement of the tumor, which displays an 
exophytic component (arrowheads in a and c). d The intraopera¬ 
tive view after dura opening reveals the tremendous pressure of 
this tumor. The cord surface is obscured by tumor tissue, which 
has grown through the pia infiltrating posterior nerve roots. 
Closer views at the lower (e) and upper pôle (f) after arachnoid 
opening make this obvious. g After partial resection, no cleav- 
age plane was présent, so that tumor removal was stopped at this 
stage (h), i A Gore-Tex® duraplasty was inserted. The postopera- 
tive sagittal (j) and axial (k) contrast-enhanced MRI scans dem- 
onstrate the décompression of the cord. The patient maintained 
his neurological status for 6 months, when a récurrence of 
tumor growth caused a rapidly developing paraplegia. In the 
following weeks, dissémination of the tumor led to hydro- 
cephalus, and the patient finally died after 17 months 
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Fig. 3.47. ( Continued ) c This intraoperative view, taken with 
the patient in the semisitting position and after opening the 
pia in the midline, demonstrates the normal appearing cord 
on the left side with small midline vessels and the grossly ab¬ 
normal tissue in the right half (see Fig. 3.36 for comparison). 
Note the displacement of the midline toward the left side. 
d Some of the posterior cord substance could be dissected 
and gently spread laterally revealing additional intratumoral 
hemorrhages. e After resection of the major tumor mass, no 
dissection plane could be determined, so tumor removal was 



stopped at this point, f Closing the cord with pia sutures con- 
firms a significant décompression. The postoperative sagittal 
(g) and axial (h) Tl-weighted, contrast-enhanced images show 
a good réduction of the tumor mass. The patient underwent 
chemotherapy and radiotherapy and recovered well with no 
significant neurological déficits for 11 months. A local ré¬ 
currence and subarachnoid spreading of the tumor subse- 
quently resulted in a rapidly developing tetraplegia and death 
12 months after surgery 
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3.3.2.3 

Removal of Angioblastomas 

As a considérable number of intramedullary angio¬ 
blastomas are associated with a syrinx, the précisé 
localization of the solid tumor part is of particular 
importance. In most instances, arterialized and di- 
lated veins cover the posterior surface of the cord at 


and next to the angioblastoma. In some instances, the 
characteristic orange color of the lésion is apparent 
right underneath the pia mater (Figs. 3.34, 3.38, and 
3.48). In ail other cases, ultrasound is a valuable tool 
to détermine the limits of the tumor [83, 144, 164, 
200, 203, 272, 275,290], 



Fig. 3.48. Tl-weighted, contrast-enhanced sagittal (a) and 
axial (b) MRI images of an intramedullary angioblastoma at 
C5 in the left dorsal root entry zone in a 30-year-old woman 
with VHL and a 10-month history of dysesthesias, sensory 
dysfunctions, and mild motor weakness in her left arm. She 
had been operated previously on a thoracic angioblastoma. 
Next to the residual syrinx from the thoracic tumor, a new one 


developed between C5 and C6, as can be seen on the sagit¬ 
tal T2 image (c). The intraoperative pictures, taken with the 
patient in the semisitting position before (d) and after arach- 
noid opening (e), display the tumor in the left dorsal root en¬ 
try zone, f After resection of the tumor, gliotic tissue appears 
towards the syrinx. (Continuation see next page) 
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With highly vascularized tumors such as angio- 
blastomas, it is advisable to remove the tumor in toto 
to avoid profuse bleeding with debulking [185, 252], 
which may pose enormous problems finding the right 
dissection plane between tumor and spinal cord. 
With pial incision, the dilated surface vessels next to 
the tumor hâve to be dealt with. They cannot be mo- 
bilized and tend to bleed as soon as they are touched. 
The bipolar System should be set low so that they 
shrink gradually rather than rupture. The subpial 
localization of most angioblastomas then allows co¬ 
agulation of the tumor surface as soon as the pia has 
been transected (Figs. 3.34, 3.38, and 3.48). With co¬ 
agulation, the tumor can be shrunk slightly so that 
dissection around the lésion becomes possible. Quite 
often, they are associated with either an intramedul¬ 
lary cyst or considérable edema. We place small cut- 
tonoids around the tumor and apply a little bit of suc- 


Fig. 3.48. (Continued) g Entering the syrinx with a small 
mirror reveals no residual tumor. h The final intraoperative 
picture shows the view into the syrinx after complété tumor 
removal. The postoperative sagittal (i) and axial (j) Tl- 
weighted MRI scans with contrast demonstrate the complété 
resection and resolution of the syrinx. The patient’s neuro- 
logical condition improved postoperatively 


tion on these cuttonoids to facilitate further dissection. 
Going around the tumor, feeding arteries are dissect- 
ed, coagulated, and transected. Having completed 
dissection around the tumor, the angioblastoma can 
be delivered in toto [198, 233, 252, 318, 350], To check 
for remnants of the tumor in cases with an additional 
syrinx, a small mirror can be used (Fig. 3.48). 

With anteriorly located tumors fed from branches 
of the anterior spinal artery, one can also approach the 
tumor from posterior, especially in cases with a large 
syrinx (Fig. 3.49). Alternatively, an anterior approach 
with corpectomy has been described [148,264], 

In large tumors, however, debulking may be neces- 
sary. In such instances, preoperative embolization 
should be considered - provided an experienced 
interventional radiologist is available [125, 134, 185, 
245, 327]. 
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Fig. 3.49. Tl-weighted, contrast-enhanced sagittal (a) and 
axial (b) MRI images of an intramedullary angioblastoma at 
Th6-Th7 in a 47-year-old woman with a 4-month history of 
pain and progressive paraparesis. Both scans reveal that the 
main feeders of this tumor corne from the right anterior side 
(i arrowheads ). The intraoperative views before (c) and after 
arachnoid opening (d) show engorged vessels on the cord sur¬ 


face. e After opening of the cord in the midline, the tumor 
could be dissected from the spinal cord. While lifting out the 
tumor (f), the anterior feeders could be coagulated and tran- 
sected, revealing the pénétration of the tumor anteriorly on 
the right side, and exposing the ventral dura (g). ( Continua¬ 
tion see nextpage) 
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sory déficits, the patient retained her neurological status. At 
this spinal level she developed an extramedullary récurrence 
posteriorly 6 years later, which could be resected completely 


canal in a cranial direction [170]. Even abscess forma¬ 
tions hâve been described [49], Complété removal of a 
dermoid cyst may be impossible without damaging 
the cord in such instances. Partial resections or cyst 
évacuations are sometimes ail that can be done 
(Fig. 3.50). 

The intramedullary part of a spinal lipoma does 
not display a cleavage plane toward the spinal cord 
tissue. Therefore, attempts of radical resection are not 
recommended. As the lipoma does not display prolif¬ 
érative potential, décompression is ail that is required. 
This may involve a partial resection of the extramed¬ 
ullary component in some cases. Usually, we just per¬ 
forai a laminotomy with a duraplasty (Fig. 3.51). As 
lipomas may be associated with arachnoid scarring 
[73, 171, 281] we prefer to leave the arachnoid mem¬ 
brane intact if no debulking is required. 

Surgery for an intramedullary hamartoma may 
hâve to involve more than removal or décompression. 
Additional tethering mechanisms such as a diastema- 
tomyelia or a thick filum terminale may also hâve to 
be addressed. These techniques are described in the 
section on extramedullary tumors. 


Fig. 3.49. (Continued) The postoperative sagittal (h) and ax¬ 
ial (i) Tl-weighted images confirm a complété resection and a 
posterior fixation of the cord to the dura. Except for some sen- 


In patients with VHL disease, the symptomatic tu- 
mor is removed (Fig. 3.48), while other tumors, if 
présent, are controlled with MRI on a yearly basis 
[62], 


3.3.2.4 

Removal of Hamartomas 

Intramedullary dermoid cysts are growing lésions 
due to the metabolic activity of the cells in the cyst 
wall. These do not proliferate, but continue to pro¬ 
duce substances that fill the cyst causing its expan¬ 
sion. Thus, radical excision of the entire cyst and 
its wall is the goal of surgery. Otherwise, a récur¬ 
rence is almost certain. Unfortunately, this may be 
extremely difficult to achieve. The cyst wall may be 
extremely adhèrent to the spinal cord tissue requiring 
sharp dissection to deliver the cyst wall. If the cyst 
contents spill into the subarachnoid space during 
surgery, aseptie meningitis may resuit. If the cyst had 
ruptured prior to surgery, severe arachnoid adhesions 
may hâve formed (Fig. 3.50) [65] or the cyst contents 
may gradually spread inside the expanded central 
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Fig. 3.50. Tl-weighted, contrast-enhanced sagittal (a) and 
axial (b) MRI images of a récurrent intramedullary dermoid 
cyst at Thll-Ll in a 31-year-old woman with a 9-month his- 
tory of pain and a slight paraparesis with intact sphincter 
functions. C This intraoperative view at dura opening shows 
the underlying adhesions between the dura, arachnoid mem¬ 
brane, and cord. The dermoid cyst is completely intramedul¬ 


lary at this level. d At the lower pôle, arachnoid adhesions with 
the capsule of the exophytic dermoid cyst are visible. After 
partial resection, the upper (e) and lower (f) sections of the 
tumor bed reveal the amount of décompression. It was judged 
too hazardous to dissect the densely adhèrent capsule out of 
the cord. (Continuation see nextpage) 
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Fig. 3.50. ( Continued) g The dura was closed with a fascia 
lata duraplasty. Postoperatively, the patient has been free 
of a récurrence for 4 years with an unchanged neurological 
status, improved pain, but distressing dysesthesias 



Fig. 3.51. Tl-weighted sagittal (a) and axial (b) MRI images resis. She had undergone a previous operation elsewhere with- 
of an intramedullary lipoma at C7-Thl in a 42-year-old wom- out bénéficiai effect. (Continuation see nextpage) 

an with a 4-year history of severe pain and a moderate parapa- 
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Fig. 3.51. ( Continued ) There is no major space-occupying 
effect détectable from this lipoma. c, d Intraoperative views 
after dura opening displayed a partly exophytic lipoma cov- 
ered by posterior roots. After arachnoid dissection to untether 
the cord, no further attempts to remove the lipoma were un- 


dertaken. The dura was closed with a fascia lata duraplasty to 
avoid retethering. The post-operative sagittal Tl- (e) and T2- 
weighted (f) images reveal no major cord tethering 3 months 
after surgery. Neurological symptoms gradually improved 
with a marked relief of pain 


33.2.5 

Removal of Cavernomas 

With cavernomas, coagulation of the lésion will 
shrink it to such a degree that feeding vessels become 
identifiable, which then can be closed and transected. 
The hemosiderin-stained glial tissue around a caver- 
noma should not be removed. It is the resuit of repeat- 
ed minor hemorrhages, does not belong to the pathol- 
ogy, and helps to preserve the surrounding cord tissue 


as a good protective layer (Fig. 3.52) [34, 216, 246]. 
Furthermore, some cavernomas are accompanied by 
large veins, so called developmental venous anoma¬ 
lies (DVAs). These veins hâve to be preserved as they 
drain normal tissue and do not represent tumor ves¬ 
sels [293]. However, it appears that DVAs are not a 
common feature of spinal cavernomas compared to 
other central nervous System locations. 
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Fig. 3.52. (Continuation see nextpage) 
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Fig. 3.52. (Continued) Tl-weighted, contrast-enhanced sag¬ 
ittal MRI images (a), and sagittal (b) and axial (c) T2-weighted 
MRI images of an intramedullary cavernoma at C2/3 on the 
right side in a 51-year-old woman with occipital pain on the 
right side. d This intraoperative picture after dura and arach- 
noid opening, taken with the patient in the semisitting posi¬ 
tion, shows a completely normal cord surface, e With opening 
of the pia at the dorsal root entry zone with two microdissec- 
tors, the gliotic tissue and remnants of small hemorrhages are 
visible, f With bipolar coagulation and application of suction 


With anteriorly located cavernomas, several surgi- 
cal options can be used. With sutures applied to den- 
tate ligaments, the spinal cord may be rotated so that 
the antérolatéral section of the cord becomes accessi¬ 
ble even from a posterior approach. With resection of 
facet joints and pedicles, an even better access is 
achieved with this technique [208], Another alterna¬ 
tive is a ventral approach with partial or complété 
corpectomy and stabilization [97, 292], 


3.3.2.6 

Removal of Récurrent Tumors 

For reoperation of an intramedullary tumor, the re¬ 
moval of the épidural scar may cause some problems. 
As a general principle, the dissection of the dura 
should start in an area not involved with the previous 
operation, preferably at the upper and lower margins 
of the first operation. With a small part of the neigh- 
boring lamina removed, the dura is identified and 
further dissection can be done much easier. If the first 
laminectomy has been extended further laterally than 
required, we just expose the dura in the midline leav- 
ing scar tissue on the dura laterally. 

If the previous operation involved a laminotomy, 
exposure of the dura is much easier. The muscles can 


on a very low setting, the cavernoma became visible, shrank, 
and disclosed the dissection plane, g After removal of the cav¬ 
ernoma, some of the surrounding gliosis is visible in the up¬ 
per half (arrowhead). After releasing the pia rétention sutures 
(h) the cord was closed with a 8-0 pia sutures (i). The post- 
operative, contrast-enhanced Tl-weighted image (j) and the 
T2-weighted sagittal (k) and axial (I) scans after 1 year reveal 
a complété resection. The patient had no postoperative neuro- 
logical déficits and reported a marked relief of pain 


be detached from the laminae as usual. The mini¬ 
plates or sutures are removed and the laminotomy 
block can be taken out or - if a bony fusion has 
occurred - is prepared with a small craniotome as 
described earlier. As the muscular layer is not at- 
tached to the dura in scar tissue, no further dissection 
is required once the laminae are taken out. 

Before opening the dura, ultrasound may be useful 
to détermine areas of intradural scarring that may at- 
tach the cord to the dura posteriorly. The strongest 
adhesions should always be expected right under- 
neath the dura suture line. Therefore, the dura should 
not be opened through the old suture line, but latéral 
or médial to it (Fig. 3.53). In récurrent tumors, dura 
rétention sutures should only be set under tension 
very carefully as the cord may be attached to the dura 
and, thus, any tension on the dura may affect the cord 
and its vascular supply. The arachnoid membrane 
should be left intact during opening of the dura to 
avoid injury to the spinal cord and its vessels. Once 
the dura is opened entirely, the arachnoid is opened 
with microscissors. If arachnoid adhesions exist, they 
should be dissected with sharp instruments to avoid 
tearing of small blood vessels and tension on the spi¬ 
nal cord (Figs. 3.50 and 3.53). If arachnoid scarring is 
severe, a complété arachnoid dissection should not be 
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Fig. 3.53. Tl-weighted, contrast-enhanced sagittal (a) and 
axial (b) MRI images of a récurrent intramedullary ependy- 
moma at C5-C7 in a 42-year-old man with a 4-month history 
of a progressive tetraparesis. The tumor is accompanied by a 
large syrinx. c This intraoperative view, taken with the patient 
in the semisitting position, demonstrates the strategy of dura 
opening in such cases. The previous suture line was avoided 


and the duraplasty incised in the midline instead. d With 
opening of the arachnoid membrane, the tumor was apparent, 
protruding out of the previous area of the myelotomy. Start- 
ing at the top in the area of the syrinx (e) the tumor could be 
removed gradually, completely, and in one piece (f). ( Continu¬ 
ation see next page) 


performed. The chances are that these adhesions will 
reform postoperatively anyway and injury to the spi¬ 
nal cord during arachnoid dissection may be consid¬ 
érable. In some instances of récurrent tumors it was 
even difficult to differentiate between the arachnoid 
membrane and the spinal cord surface. In these in¬ 
stances, arachnoid préparation should be kept to a 


minimum and the surgeon should concentrate on 
exposure of the posterior midline aspect of the cord 
using the nerve roots on either side as guidelines. 

Depending on the previous operation, the intra¬ 
medullary tumor may already protrude out of the 
previous myelotomy (Fig. 3.53), thus guiding the sur¬ 
geon to the target. Depending on the ultrasound im- 
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Fig. 3.53. (Continued) After complété resection (g) the cord 
was closed with 8-0 pia sutures (h) and a fascia lata duraplasty 
was inserted (i) to avoid cord tethering. The postoperative 
sagittal, contrast-enhanced Tl-weighted image with contrast 
(j), the sagittal T2-image (k) and the axial Tl-scan (I) display 
a complété resection with no postoperative cord tethering. 


The postoperative neurological status was unchanged except 
for aggravated sensory déficits. The patient has been free of a 
récurrence for 6 years. However, despite this perfect postop¬ 
erative resuit, the patient developed a dysesthesia syndrome 
within 6 months of the operation 


âge, it may be necessary to extend the cord opening. 
Once this is achieved, further resection is undertaken 
as described earlier (Fig. 3.53). On the other hand, if 
only a biopsy procedure had been done, one can pro- 
ceed just as in a primary operation. 


As arachnoid scarring is the rule rather than the 
exception in these cases, dura closure is achieved with 
a duraplasty to prevent formation of further arach¬ 
noid adhesions after removal of the récurrent tumors 
(Figs. 3.50 and 3.53). 
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3.3.3 

Closure 

Once the tumor is removed we check that hemostasis 
is adéquate. Inside the tumor bed we use as little co¬ 
agulation as possible and recommend small cotton 
paddies, irrigation, and simply taking some time. To 
avoid adhesions between the tumor bed and the dura, 
we use a few 8-0 sutures to close the pia of the cord 
provided the tumor mass could be removed (Figs. 3.33, 
3.36-3.38, 3.47, 3.52, and 3.53) [204], Although rec- 
ommended by some authors to prevent arachnoid 
scarring, we do not close the arachnoid membrane. 
Finally, the dura is closed watertight. In cases with 
severe arachnoid adhesions or after incomplète tumor 
removals we insert a durai graft to enlarge the sub- 
arachnoid space [301], For this purpose we recom¬ 
mend Gore-Tex®, which offers good protection against 
intradural and épidural scarring [252], Autologeous 
grafts revascularize and tend to form severe adhe¬ 
sions to the spinal cord. We elevate the duraplasty 
with a few rétention sutures to lift the suture line off 
the cord surface. We then reinsert the laminae with 
titanium miniplates (Fig. 3.54) [263]. We do not use 
sutures for this purpose as they do not hold the lami¬ 
na in a firm position. We had to revise two patients 
for lamina dislocations after suturing and hâve not 
seen this complication since we changed to mini¬ 
plates. If required, the laminae can be supported or 
substituted with hydroxyapatite, as ingrowth of bone 
has been demonstrated for this material (Fig. 3.55) 
[175]. Steel miniplates should be avoided as they inter¬ 
fère with MRI. 

The muscle layer should be closed with single su¬ 
tures. This layer of closure is extremely important to 
prevent CSF fistulas [130, 355]. Fascia, subcutaneous 
tissue, and skin are closed in the conventional man- 
ner. 


3.3.4 

Adjuvant Therapy 

The treatment of choice in patients with an intramed¬ 
ullary tumor is surgery aiming at complété removal 
of the tumor. To perform a biopsy procedure with 
subséquent radiotherapy is no longer acceptable. If 
complété resection cannot be achieved, radiotherapy 
has been recommended for ependymomas [43, 283, 
305, 338] and for astrocytomas [157,176], On the oth- 
er hand, Chigasaki and Pennybacker [43], Epstein et 
al. [84], and Roux et al. [283] denied a bénéficiai effect 
for astrocytomas, and Mork and Loken [228] and Mc- 
Cormick et al. [217] for ependymomas. It appears, 
that radiation doses above 40 Gy hâve to be applied to 



Fig. 3.54. Closure of the dura is either done with a primary 
running suture (a) or in patients with incomplète resections, 
a Gore-Tex® duraplasty (b) is inserted. Note the tenting su¬ 
tures lifting the suture line. C The laminotomy bloc is inserted 
with small titanium plates and self-cutting screws. With long 
exposures, as depicted here, alternating plate fixations are 
sufficient. 

achieve a response [104], The possible rôle of stereo- 
tactic radiosurgery for the treatment of benign intra¬ 
medullary tumors is not yet established. Ryu et al. 
[285] presented a sériés of seven patients with ten tu¬ 
mors; two patients improved, four remained stable, 
and one patient died within a maximum follow up of 
2 years. 

Currently, we recommend radiotherapy only for 
World Health Organization (WHO) grade III and IV 
tumors [137, 301, 312, 356], In our sériés, 13 (7%) were 
classified as grade III and 7 (4%) as grade IV tumors. 
In other words, almost 90% of intramedullary tumors 
were benign, requiring surgery only. The rôle of che- 
motherapy for high-grade intramedullary tumors 
still needs to be determined [234], 
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Fig. 3.55. This set of figures demonstrates an alternative 
method for décompression of the spinal canal, a, b Tl- 
weighted, contrast-enhanced sagittal MRI scans of an 
intramedullary WHO grade I astrocytoma at Thl0-L5 in 
a 31-year-old woman with an incomplète paraparesis and 
preserved sphincter control. The tumor has grown exophyti- 
cally down the lumbar canal. A radical resection was judged 
too hazardous. We had particular concerns regarding the 
infiltrated caudal nerve roots (see also Fig. 3.3). c This view 
after dura closure shows the technique: the lamina is sutured 
to the pedicle with a small block of hydroxyapatite set in 
between. The postoperative X-ray (d) and CT image (e) 
demonstrate the amount of spinal canal enlargement and 
bony fusion in the depicted thoracic level. The neurological 
status could be preserved for 3 years. With 10 years of follow 
up, this patient has retained significant motor function in 
her legs and has control of sphincter functions 
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3.4 

Postoperative Results and Outcome 

The histological types of the operated intramedullary 
tumors are given in Table 3.1. The prédominance of 
ependymomas and astrocytomas among intramedul¬ 
lary tumors in adults is well documented [222, 271, 
312], In children, low-grade astrocytomas are the 
most common type [222, 319], 

3.4.1 

Tumor Resection 

Of 199 intramedullary tumors, 53% were removed 
completely, 32% were resected subtotally, and the 
remaining 15% were decompressed and underwent 
either a biopsy procedure or cystostomies with and 
without additional drains (Table 3.4). There were sig- 
nificant différences related to tumor histology, spinal 
level, and expérience of the surgeon. With ependymo¬ 
mas (82%), cavernomas (83%), and with angioblasto- 
mas (90%) the great majority were resected complete¬ 
ly. Astrocytomas, however, were classified as complété 
removals in only 18% of cases. Among cervical tu¬ 
mors, 70% were resected completely compared to 51% 
for thoracic and 18% for conus tumors (chi square 
test: p=0.0004). Comparing children and adults, the 
rate of total removal was considerably lower in chil¬ 
dren due to the higher proportion of astrocytomas 
(18% vs 58% for children and adults, respectively; 
p=0.0002). 

In the literature, rates of complété resections vary 
greatly [98, 115, 120, 204, 271, 289, 312], The sériés of 
Guidetti et al. [115] was collected in the premicrosur- 
gical era. They achieved complété removals of epen¬ 
dymomas in 56% and in 6% for other intramedullary 
tumors. With the introduction of the operative mi¬ 
croscope, rates of complété resections hâve increased 
significantly with consistently higher complété resec¬ 
tion rates reported for ependymomas and angioblas- 
tomas compared to astrocytomas. Malis [204] re¬ 
moved 95% of ependymomas completely and achieved 
complété resections of astrocytomas in 19% of cases. 
Fornari et al. [98] gave figures for complété removals 
of 81% for ependymomas and of 50% for astrocyto¬ 


mas. These sériés represent the State of the art before 
the introduction of MRI. With the advent of MRI, 
rates of complété resection hâve increased for astro¬ 
cytomas in particular. On the other hand, without 
modem imaging and microsurgical equipment, a re¬ 
cent paper from Africa recommended revival of the 
technique of Elsberg, with a two-stage operation 
within 2-3 weeks [158]. 

But what is a complété resection of an infiltrative 
tumor? We hâve classified tumor removal as complété 
if there was no détectable tumor tissue at the end of 
surgery and postoperative MRI scans demonstrated 
no visible tumor remnants. With terms like radical 
subtotal removal and 99% removal, for example, in 
the literature, one wonders about the criteria some in- 
vestigators might hâve used for their analyses. Hejazi 
and Hassler [120] claimed complété resections for 
85% of their intramedullary tumors. Fischer and 
Brotchi [95] reported complété resections of ependy¬ 
momas in 94% and for astrocytomas in 37%. Raco et 
al. [271] reported on 202 intramedullary tumors and 
obtained complété resections for 81% of their ependy¬ 
momas and grade I astrocytomas, with 12% complété 
resections for grade II astrocytomas and no complété 
removals for high-grade tumors. Shrivastava et al. 
[312] reported on 30 patients older than 50 years and 
obtained complété resections in 65%. They found no 
différences in resection rates according to the spinal 
level. Sandalcioglu et al. [289] reported a sériés of 78 
intramedullary tumors with an average follow up of 
34.4 months. Their sériés comprised 32 ependymo¬ 
mas, 15 astrocytomas, 10 métastasés, 9 cavernomas, 
and 8 angioblastomas to mention the commonest en- 
tities. The low percentage of astrocytomas and the 
relatively high numbers of métastasés and caverno¬ 
mas is quite unusual. With this in mind, the rates 
of 83.3% for complété resections, 11.5% for subtotal 
resections, and 5% for biopsies become explainable. 
On the other hand, focusing on conus tumors, Mathew 
and Todd [211] achieved a complété resection in 2 out 
of 22 patients. This underlines the spécifie problems 
encountered with tumors in that région. 

Although complété tumor removal should always 
be attempted [57], we emphasize that radicality should 



Complété 

Subtotal 


Décompression/ 

Biopsy/Cystostomy 


104 (58%) 
46 (26%) 
28 (16%) 


2 (10%) 
17 (81%) 
2 (10%) 


106 (53%) 
63 (32%) 
30 (15%) 
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not be forced, especially when a clear-cut cleavage 
plane cannot be identified - as in patients with astro- 
cytomas - or the expérience of the surgeon is limited. 
Ifwe analyze the resection rates of ependymomas, an- 
gioblastomas, and cavernomas related to surgical ex¬ 
périence in our sériés, we observed a high rate of com¬ 
plété resection (>80%) for experienced surgeons and a 
lower rate of less than 70% with less experienced sur¬ 
geons. Throughout the years, a learning curve could 
be observed. Rates for complété resections of these tu- 
mor entities rose in our sériés from 50% before 1985, 
to 72% between 1986 and 1990, to 81% between 1991 
and 1995, and finally to 97% for the last period be¬ 
tween 1996 and 2003. 

The neuroradiological évaluation of the amount of 
resection is often complicated by postoperative intra- 
medullary signal changes that take up gadolinium 
and are difficult to differentiate from tumor remnants 
[312], One distinguishing feature between intramed- 


ullary scar tissue and tumor is the presence of cord 
enlargement associated with tumor remnants [23,26]. 
Quite often, however, only repeated MRI scans can 
provide the décisive information. In patients who 
hâve undergone radiotherapy, the distinction between 
tumor récurrence and radiation-induced signal 
changes may be even more difficult [262], 


3.4.2 

Clinical Results 

The immédiate postoperative resuit is related to the 
preoperative status, the spinal level of the tumor, and 
the expérience of the surgeon regardless of tumor 
histology [6, 38, 54, 60, 80, 82, 84, 85, 94, 95, 115, 
118, 124, 204, 252 , 271, 301, 317, 335, 346, 347]. The 
extent of tumor removal has only a minor influence 
on the short-term postoperative outcome [6, 56, 118, 
215], 


Table 3.5. Clinical course for patients 
with benign and malignant intramed- 
ullary tumors 


Symptom 

Preope- 

■ 

6 

P 

Months 

P' 


Pain 








Benign 

4.1±1.0 

3.9 ±0.9 

4.3+0.9 

4.3+0.9 

4.3+0.9** 

Malignant 

4.1+1.2 

4.2+0.9 

4.5+0.7 

4.5+0.7 



Hypesthesia 








Benign 

3.3+1.0 

2.4+1.2 

2.6+1.2 

2.7+1.2 

2.7+1.2** 

Malignant 

3.0+0.7 

2.1+1.3 

2.3+1.3 

2.3+1.3 



Dysesthesias 








Benign 

4.1±0.9 

4.1+0.9 

4.0+0.9 

4.0+1.0 

3.9+1.0 

Malignant 

4.2+0.9 

4.5+0.5 

4.4+0.7 

4.4+0.7 



Gait 








Benign 

3.5±1.3 

2.9+1.4 

3.2+1.4 

3.5+1.5 

3.5+1.4 

Malignant 

2.5±1.4 

2.0+1.6 

2.3+1.8 

2.2+1.7 



Motor power 








Benign 

3.6±1.3 

3.2+1.4 

3.5+1.3 

3.6+1.3 

3.7+1.3 

Malignant 

2.9±1.5 

2.4+1.7 

2.6+1.8 

2.6+1.8 



Sphincter function 








Benign 

4.2±1.3 

3.7+1.8 

4.0+1.5 

4. 

1+1.4 

4.1+1.4 

Malignant 

4.1+1.5 

3.5+2.1 

3.5+2.1 

3.5+2.1 



Karnofsky score 








Benign 

70+16 

62+17 

67+17 

69+17 

69+18 

Malignant 

56+21 

53+19 

56+21 

57+20 




*p< 0.05, **p<0.01; statistically significant différence between preoperative status and 
1 year or 6 months postoperatively; abbreviation: postop. = postoperatively 
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In our sériés, the postoperative course was charac- 
terized by transient worsening of neurological symp- 
toms in 44% of patients for a few days or even months 
before functional recovery occurred [38, 60, 120, 215, 
217]. In 68% of these, the preoperative status was 
reached again within 3 months, in 98% within 1 year, 
and for one patient it took 2 years. We attribute this 
transient détérioration to edema or interférence with 
spinal cord blood flow, especially on the venous side. 
The transient détérioration affected gait, motor pow- 
er, and bladder and bowel function. Therefore, the 
radiological and clinical examination after 3 months 


can be considered as a landmark évaluation for a pa¬ 
tient who underwent surgery for an intramedullary 
tumor. Once the operative région has healed, the MRI 
becomes reliable to assess the radicality of removal, 
and arachnoid scarring leading to tethering of the 
cord - if it occurs - can be detected. Most patients 
hâve recovered from their postoperative détérioration 
and one can cautiously make a prognosis as to how 
the clinical course will probably continue. 

As a general rule, the patient can nowadays expect 
to retain the preoperative neurological status with a 
successful operation in the long term. This empha- 



Table 3.6. Clinical course for patients 
with benign intramedullary tumors 
related to tumor removal 


Complété 

Subtotal 

Biopsy 


4.1±1.0 
4.1+1.1 
4.1+1.0 


4.0+0.8 
3.7+1.1 
4.2+0.9 


4.2+0.8 

4.3+1.0 

4.5+0.8 


4.3+0.9 

4.5+0.8 

4.3+0.8 


4.2+0.9 

4.5+0.8* 

4.3+0.9 


Hypesthesia 

Complété 

Subtotal 

Biopsy 


3.3+0.8 

3.1+1.3 

3.3+1.3 


2.3+1.0 

2.2+1.4 

3.2+1.4 


2.5+1.0 

2.3+1.4 

3.3+1.4 


2 . 6 + 1.0 2 . 6 : 11 . 0 ’*’ 

2.5+1.4 2.6+1.4” 

3.2+1.7 3.2+1.7 


Dysesthesias 

Complété 

Subtotal 


3.8+0.9 3.9+0.9 

4.2+1.0 4.2+1.0 

4.3+1.0 4.4+0.9 


3.8+0.9 

4.0+1.0 

4.5+0.8 


3.8+0.9 
3.9+1.1 
4.6+0.8 


3.8+1.0 
3.9+1.1 
4.6+0.7 


Gait 

Complété 

Subtotal 

Biopsy 


3.7+1.1 
3.0+1.6 
4.0+0.9 


3.0+1.3 
2.2+1.6 
3.8+1.1 


3.3+1.3 
2.8+1.7 
3.9+1.0 


3.6+1.3 

2.8+1.7 

4.1+1.0 


3.6+1.3 
2.9+1.7 
4.0+1.1 


Motor power 
Complété 
Subtotal 
Biopsy 


3.9+1.1 
3.1+1.5 
3.3+1.1 


3.4+1.4 
2.7+1.4 
3.2+1.4 


3.7+1.2 

3.0+1.4 

3.5+1.5 


3.8+1.2 

3.1+1.5 

3.7+1.3 


3.9+1.1 
3.1+1.6 
3.9+1.2 


Sphincter function 
Complété 
Subtotal 
Biopsy 


4.3+1.2 3.8+1.7 

4.1+1.6 3.3+2.1 

4.3+1.0 4.4+1.0 


4.1+1.4 4.2+1.3 

3.7+1.9 3.7+1.8 

4.4+1.0 4.4+1.0 


4.2+1.3 
3.8+1.8 
4.4+1.0 


Karnofsky score 
Complété 
Subtotal 
Biopsy 


71+15 

66+19 

74+9 


63+17 

54+17 

71+13 


68+16 

61+18 

72+15 


71+17 

63+19 

74+14 


71+17 

64+19 

73+15 


Statistically significant différence between preoperative status and 1 year or 6 months 
postoperatively: *p<0.05, ”p<0.01 
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sizes that surgery has to be recommended early. This 
statement is valid regardless of âge or histology. Very 
good results of surgery can be obtained for small chil- 
dren under the âge of 3 years as well as for elderly pa¬ 
tients [54, 312], In the sériés of Sandalcioglu et al. 
[289], about two-thirds of the patients were unchanged 
or improved postoperatively, whereas 34.6% were 
worse. The preoperative State determined the postop- 
erative resuit. Thoracic tumors were associated with 
higher morbidity, according to these authors. 

We hâve analyzed the postoperative clinical course 
for individual symptoms separately for benign and 
malignant tumors in detail for the first 12 and 


Table 3.7. Multivariate analysis for prédiction of a high post¬ 
operative Karnofsky score for patients with intramedullary 
tumors 


Factor p-value 


High preoperative Karnofsky score 0.7290 

No récurrence 0.3899 

Radio therapy 0.2109 

Syrinx 0.1366 

Long history 0.1325 

Femalesex 0.1127 

No dysesthesia syndrome 0.0878 

Corrélation: r=0.8222, p<0.0001 


Table 3.8. Clinical course for 
patients with intramedullary tumors 
related to the preoperative Karnofsky 


Preope- Postope- 3 Months 6 Months 1 Year 


2.7±0.8 

1.3±1.4 


2.9±0.9 2.9+0.9** 


4.0±0.9 4.1±0.8 4.0±0.8 4.0±0.9 3.9±0.9 

3.6±1.0 3.8±1.1 3.8±1.1 3.9+1.1 4.0+1.1 


4.0+0.7 3.2+1.1 3.7+1.0 3.9+1.0 3.9+1.0 

1.6+1.2 1.1+1.2 1.3+1.2 1.4+1.4 15+1.5 


1.6+1.2 1.8+1.3 


Statistically significant différence between preoperative status and 1 year posto 
tively: *p<0.05, **p<0.01; abbreviation: preop. socre = preoperative Karnofsky sc 
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6 months after surgery, respectively (Table 3.5). As far 
as subjective symptoms are concerned, pain may im- 
prove postoperatively, whereas dysesthesias are gen- 
erally left unchanged. Sensory déficits, however, tend 
to increase almost always as a resuit of the operative 
approach, with only slight subséquent recovery. These 
observations are made for benign and malignant tu¬ 
mors alike. For benign tumors, the remainder of the 
neurological symptoms after 1 year are on average as 
preoperatively, whereas with malignant tumors a 
trend toward détérioration becomes détectable after 
6 months. 

In Table 3.6 the effect of surgery on postoperative 
outcome is outlined. Comparing complété and subto¬ 
tal resections, no différences become apparent con- 
sidering that the preoperative State was significantly 
worse for patients undergoing subtotal removal as far 
as gait ataxia, motor weakness, and the average Kar¬ 
nofsky score are concerned. With biopsy procedures 
and décompression, postoperative détériorations can 
be avoided and satisfactory results for the first post¬ 
operative year were observed. However, subséquent 
tumor growth will lead to worse clinical results later 
in the course. 

To predict a high Karnofsky score after 1 year, we 
performed a multiple régression analysis. This score 
can be expected to be high provided the patient has a 
high Karnofsky score before surgery, does not expéri¬ 
ence a tumor récurrence, and undergoes radiotherapy 
(for high-grade tumors). Less important predictors 
were the presence of a syrinx, a long preoperative his- 
tory, female sex, and no postoperative dysesthesia 
syndrome (Table 3.7). The amount of resection was 
not an independent factor. 

Finally, the clinical course was analyzed according 
to the preoperative Karnofsky score (Table 3.8). For 
patients with preoperative scores between 70 and 100 
and those below 70, identical postoperative courses 
were observed with stabilization of the preoperative 
status. In other words, even for patients with more se- 
vere preoperative déficits, surgery can still preserve 
function. However, what has been lost before surgery 
will not be regained. The final resuit will always re¬ 
main worse compared to patients with the same pa- 
thology but operated before severe déficits had devel- 
oped. 


3.4.3 

Syringomyelia 

Of 199 intramedullary tumors, 48% presented with 
an associated syrinx [15, 265, 267]; 33% were above 
and 11% below the tumor level, 56% exhibited a syr¬ 
inx above and below the tumor, and 9% were associ¬ 
ated with syringobulbia. A tumor-associated syrinx 
was found more often in adults than in children (49% 
and 40%, respectively). Ependymomas (65%) and he- 
mangioblastomas (90%) showed the highest propor¬ 
tion of syrinx formation. Astrocytomas (31%), caver- 
nomas (33%), or hamartomas (20%) were less often 
accompanied by syringomyelia. The proportion of tu¬ 
mors associated with syringomyelia declined with the 
spinal level: it was highest for cervical tumors (58%), 
intermediate for thoracic tumors (48%), and consid- 
erably lower for conus tumors (21%). 

Whereas syringomyelia is generally related to dis¬ 
turbances of CSF flow, such as in arachnoid scarring 
[169, 170], this association is not évident in patients 
with tumor-associated syringomyelia. Arachnoid 
scars at the tumor level were found in equal propor¬ 
tions for tumors with and without syringomyelia 
(30% and 32% cases, respectively). Evidence for tumor 
hemorrhages were présent in 26% patients with syrin¬ 
gomyelia and 23% without an accompanying syrinx. 
This indicates that syrinx formation is not related to 
arachnoid changes, tumor hemorrhages, or hemato- 
myelia in patients with intramedullary tumors. 

Most authors consider disruptions of the blood- 
brain barrier as the most likely mechanism based on 
analyses of the protein content of the syrinx fluid 
[194], This, however, would imply that tumor-associ¬ 
ated cysts are observed throughout the spinal canal in 
equal proportions. 

We consider changes of extracellular fluid dynam- 
ics due to the space-occupying intramedullary lésion 
as the major mechanism leading to syrinx formation 
in association with intramedullary tumors, and inter- 
pret a syrinx as a chronic interstitial edema [169], Dif¬ 
ferent rates of associated cysts in cervical, thoracic, 
and conus tumors may be explained due to different 
CSF and extracellular fluid dynamics in these spinal 
segments. 

The presence of a syrinx favored resectability of 
the tumor [38, 39], The rate of total tumor removal 
was higher in patients with accompanying syrinx 
compared to those without (72% and 35%, respective¬ 
ly; chi square test: p<0.0001), mainly due to the higher 
proportion of ependymomas. Tumor removal alone 
was sufficient to decrease syrinx size, as confirmed 
for 92% of patients with adéquate pre- and postopera¬ 
tive MRI scans. A syrinx associated with an intra- 
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medullary tumor does not need any additional surgi- 
cal maneuvers such as shunts or myélotomies. With 
removal of the tumor, the syrinx will regress auto- 
matically, as demonstrated in several figures above. 

3.4.4 

Complications 

3.4.4.1 

Short-Term Complications 

Complications were encountered in 15% of patients 
(Table 3.9). The commonest problem was a postoper¬ 
ative CSF fistula. This complication is avoidable with 
a meticulous dura suture and tight soft-tissue closure, 
especially of the muscular layer. In récurrent cases, 
soft-tissue scarring puts the patient at an increased 
risk for fistula formation. In such instances we rec- 
ommend insertion of a lumbar drain at surgery and to 
keep it for about 1 week as a préventive measure, espe¬ 
cially if a Gore-Tex® duraplasty has been inserted. 
Depending on the intraoperative situation, it may 
even be advisable in selected cases to insert a layer of 
fascia lata to reinforce the dura suture. 

As already mentioned, we hâve encountered two 
lamina dislocations in patients in whom the lamina 
had been fixed with sutures. We hâve not seen this 
complication since we hâve changed to miniplates for 
this purpose (Fig. 3.56). 

We observed a surgical mortality within the first 
30 days of 1.1%. One 70-year-old patient with an in- 
tramedullary metastasis died 3 weeks after surgery. 
Another 33-year-old patient with a récurrent, high 
cervical ependymoma died due to sudden respiratory 


Table 3.9. Complications for patients with intramedullary 
tumors 


1 Type 

Total | 

Cerebrospinal fluid leak 

11 

Wound infection 

7 

Hemorrhage 

2 

Lamina dislocation 

2 

Instability 

1 

Delayed cord edema 

1 

Urinary tract infection 

4 

Gastrointestinal infection 

1 

Acute psychosis 

1 

Total 

30 


15% 


failure 3 weeks after an uneventful operation and pre- 
served neurological function. Unfortunately, an au- 
topsy was denied. Brotchi and Fischer [28] observed a 
surgical mortality rate of 3.2% in a sériés of 93 epen- 
dymomas. 

3.4.4.2 

Long-Term Complications 

Late complications may be associated with spinal in- 
stability or postsurgical myelopathy. To avoid insta- 
bilities, intervertébral joints should be left intact dur- 
ing the exposure. It is not necessary to extend the 
exposure so wide that these joints are compromised. 
However, postoperative instabilities cannot be pre- 
vented by a small laminotomy alone. This complica¬ 
tion becomes more common the higher the spinal 
level and the younger the patient is [131, 234], even 
though Yeh et al. [352] found a particularly high inci¬ 
dence of postoperative deformities in the thoraco- 
lumbar région. Lunardi et al. [199] observed postlam- 
inectomy deformities in 24% and Takahashi et al. 
[325] in 40% of children operated for intramedullary 
tumors. Jallo et al. [152] reported postoperative spinal 
deformities in 66% of children, with 35% requiring 
stabilization procedures. Within a sériés predomi- 
nantly of adult patients we observed no spinal insta¬ 
bilities after removal of an intramedullary tumor that 
would hâve required an intervention; however, we 
hâve seen kyphotic deformities, especially in children 
after laminectomies (Fig. 3.57). 

Reinsertion of the vertébral lamina is supposed to 
protect against this late complication. However, such 
an effect has not been proven in adults and could only 
be demonstrated for children [234, 316, 352], Even af¬ 
ter reinsertion of the lamina, one important posterior 
anchor remains unrestored - the interspinous liga¬ 
ment. Furthermore, atrophy and abnormal innerva¬ 
tion of neck and back muscles may cause muscular 
imbalances, which alone may be sufficient to induce 
spinal instability despite reinserted laminae. Further¬ 
more, spinal deformities may above be présent before 
surgery, as demonstrated earlier. Nevertheless, we 
recommend reinsertion of the laminae in ail patients 
with miniplates after removal of the tumor, to restore 
the anatomy as far as possible. Avoiding fixation of 
the neck and back muscles to an épidural scar, one 
may consider a favorable effect to avoid neck and back 
pain related to muscular tension on the dura. Rein¬ 
serted laminae also make a reoperation easier in the 
case of a tumor récurrence. We believe that these are 
reasons enough, even if a postoperative deformity 
cannot be prevented in ail cases and monitoring by 
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Fig. 3.56. The postoperative sagittal (a) and axial (b) 

CT scan of two dislocated laminae in a 44-year-old 
patient operated on for an intramedullary astrocytoma at 
C4-Thl. The laminae had been reinserted with sutures. 
The neurological status improved following removal of 
these laminae. Postoperative X-rays (c, d) and CT scan (e) 
in a 23-year-old patient after operation for an astrocytoma 
at C6-C7 demonstrate perfect realignment and fusion af¬ 
ter reinsertion with titanium miniplates (see also Fig. 3.36) 






3.4 Postoperative Results and Outcome 



Fig. 3.57. This sériés of sagittal MRI scans of a WHO grade I 
astrocytoma at Th2-Th6 in a 10-year-old girl demonstrate the 
stability problems associated with these tumors, which may be 
aggravated by laminectomies. Compared to the preoperative 


scan (a), a kyphotic deformity started to develop as soon as 
3 months after subtotal resection (b), and progressed further 
within 1 year (c) 


experienced orthopedists is still recommended, and 
mandatory - especially in children [231]. 

A significant proportion of patients develop a post¬ 
operative dysesthesia syndrome, which is character- 
ized by unpleasant dysesthesias - sometimes de- 
scribed as burning type - and pain. In a small number 
of these patients, even a progressive détérioration of 
neurological functions in the form of a progressive 
myelopathy in the absence of a tumor récurrence can 
be observed [113,128,215,256,271, 317,318], The eti- 
ology of this myelopathy is not entirely clear and is 
probably related to several factors. Greenwood [113] 
attributed these to worsening gliosis. Peker et al. [256] 
found a corrélation with the number of affected spi¬ 
nal segments in ependymomas and attributed this 
syndrome to injury of the dorsal columns. Hoshima- 
ru et al. [128] suggested that arachnoid scarring and 
cord atrophy prédisposé a patient to postsurgical my¬ 
elopathy. Raco et al. [271] also suggested that postop¬ 
erative cord tethering was responsible. Tethering was 
observed in 17% of their patients and was thought to 
be responsible for pain and dysesthesias in 8% of their 
patients. They recommended gabapentin and bu¬ 
prénorphine for treatment of this syndrome, while 
nine patients were reoperated for cord tethering, four 


patients experiencing considérable improvement and 
two patients some improvement. 

We hâve observed this syndrome after 44 opera¬ 
tions for intramedullary tumors, (22%). So far, we 
hâve not reoperated any patient for this problem. The 
symptoms usually began after about 2-3 months 
postsurgery and then either remained stable or pro¬ 
gressed to neurological détérioration in six patients. 
Evaluation of the rates after complété resections 
(26%), subtotal removals (20%) and biopsy procedures 
(18%) revealed a corrélation of this problem with the 
amount of resection. A similar corrélation was found 
with the spinal level. While 23% were affected after 
removal of a cervical tumors, these figures dropped 
to 20% and 14% for thoracic and conus tumors, re- 
spectively. Furthermore, this problem is more com- 
mon in adults than in children (23% and 15%, respec- 
tively). Its likelihood also varies with the tumor 
histology: we observed it in 56% of patients after sur- 
gery of a hamartoma, in 33% of cavernomas, and in 
30% of ependymomas, but to a lesser degree for astro- 
cytomas (14%) and angioblastomas (19%). 

We hâve tried to establish a relationship between 
this syndrome and postoperative tethering of the cord 
to the overlying dura. Tethering was observed in 46% 
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Table 3.10. Multivariate analysis for prédiction of a postop- 
erative dysesthesia syndrome for patients with intramedullary 
tumors 


1 Factor 

(3-value l 

Syringomyelia 

0.2118 

High preoperative Karnofsky score 

0.2046 

Adult âge 

0.1545 

Female sex 

0.1133 


Corrélation: r=0.3383,p=0.0113 


of patients. Dysesthesia syndromes were more com- 
mon in patients with postoperative cord tethering 
(35%) compared to those without (25%). However, 
this différence was not statistically significant. Such 
adhesions between dura and cord on MRI could be 
observed in 58% of patients after removal of intra¬ 
medullary tumors early in our sériés. This figure was 
reduced to 26% by applying pial sutures to close the 
cord after tumor removal (Fisher test: p= 0.0069). 
However, comparing the rate of patients developing a 
dysesthesia syndrome in those with and without cord 
suturing revealed no advantage for those with cord 
suturing. In summary, no relationship with postop¬ 
erative cord tethering could be clearly established 
among our patients. 

A multivariate analysis showed that the presence of 
a syrinx, a high preoperative Karnofsky score, adult 
âge, and female sex were independent factors predis- 
posing to this syndrome (Table 3.10, r=0.3383, 
p=0.0113). Comparison of tumors with and without 
syringomyelia showed a significantly higher propor¬ 
tion of dysesthesia syndromes for patients with a syr¬ 
inx (27% and 14%, respectively; Fisher test: p=0.0244). 
In analogy to our expérience with syringomyelia re- 
lated to arachnoid scarring [170], one may decompress 
the area of surgery by a durai graft to maintain the 
patency of the subarachnoid space. This maneuver re¬ 
duced significantly the rate of dysesthesia syndromes 
from 27% to 13% (Fisher test: p=0.0283). 


3.4.5 

Morbidity, Récurrences, and Survival 

3.4.5.1 

Morbidity 

We observed permanent surgical morbidity (i.e., post¬ 
operative neurological worsening within 30 days of 
surgery without subséquent recovery) in 13% of cases. 
Combined with the aforementioned rate for transient 


postoperative neurological détérioration in 44% of 
patients, these figures combine to 57% of patients who 
expérience an immédiate postoperative worsening of 
neurological functions. Of these, about three-quar- 
ters will regain their preoperative status. This is es- 
sential information for every patient scheduled for 
such an operation. 

Looking at possible factors influencing surgical 
morbidity, we observed a similar learning curve in 
terms of postoperative morbidity, as already men- 
tioned for resection rates. Before 1985, permanent 
surgical morbidity was observed for 34% of patients. 
Between 1986 and 1995, this figure dropped to 12%. 
Since 1996, this rate declined further to 8%. The ad- 
vent of MRI, however, seems to hâve had the most 
profound impact. Before 1988, the diagnosis of an in¬ 
tramedullary tumor relied on myelography, postmy- 
elographic CT, or CT with intravenous contrast. Dur- 
ing that period, surgical morbidity was 33%, dropping 
to 8% thereafter. 

The major factor determining permanent morbid¬ 
ity, however, is the preoperative status of the patient. 
Numerous studies emphasized that the major factor 
determining long-term outcome is the preoperative 
neurological status [55, 57, 82, 98, 115, 124, 137, 215, 
271,317], This can be attributed to marked différences 
in surgical morbidity in relation to the preoperative 
status. For patients with a preoperative Karnofsky 
score above 70 (i.e., patients able to live independent- 
ly without assistance), permanent morbidity was 
9%. For patients with scores between 40 and 70 
the figure rose to 18%, and for patients with scores 
below 40, surgical morbidity was 30%. Moreover, 
a new postoperative déficit had considerably more 
serious functional conséquences for those patients 
who were already significantly disabled preopera- 
tively. 

Cervical and thoracic tumors were associated with 
considerably less morbidity compared to tumors in 
the conus area (5.6%, 14.3%, and 26.5%, respectively; 
log-rank test: p=0.039) [38,60,211,289,318, 347]. The 
more precarious vascular supply in the thoracic cord, 
the smaller size of the cord in the lower spinal seg¬ 
ments, and the dense concentration of important 
neurological functions in the small confined struc¬ 
ture of the conus may explain this observation. 

Arachnoid scarring was observed in 30% of opera¬ 
tions for intramedullary tumors [43] and especially 
common in récurrent tumors (63% compared to 23% 
without a previous operation; Fisher test: p<0.0001). 
However, dissection of preexisting arachnoid scars 
did not increase surgical morbidity, as others hâve ob¬ 
served [96,128], 




3.4 Postoperative Results and Outcome 


3.4.5.2 

Tumor Récurrences and Clinical Récurrences 

Apart from a tumor récurrence, other mechanisms 
can lead to clinical détérioration of a patient after sur- 
gery for an intramedullary tumor. Therefore, it ap- 
pears appropriate to distinguish between a tumor ré¬ 
currence - as observed on postoperative imaging - and 
a clinical récurrence - as becomes apparent clinical- 

iy- 

Overall, tumor récurrence rates of 24% and 26% 
were observed after 5 and lOyears, respectively 
(Fig. 3.58) [107], A multivariate analysis revealed that 
a complété resection (Fig. 3.59), a benign tumor grade 
(Fig. 3.60), and a high spinal level (Fig. 3.61) predicted 
a low tumor récurrence rate (Tables 3.11 and 3.12). 


After complété resections, local récurrence rates of 
3%, 8%, and 13% were observed after 1,5, and 10 years, 
respectively (Table 3.12, Fig. 3.59; log-rank test: 
p<0.0001). Such a corrélation between the amount of 
resected tumor and probability of a local récurrence 
has not been reported as so clear-cut in most studies 
[6, 43, 56,107,130,137, 215, 318], 

The significant différence in local récurrences be¬ 
tween benign and malignant tumors, on the other 
hand, is self-explanatory (Fig. 3.60) [107], With be¬ 
nign grades, récurrence rates of 9% and 18% were ob¬ 
served after 1 and 5 years, respectively, whereas ma¬ 
lignant tumors recurred at rates of 44% and 68%, 
respectively (log-rank test: p<0.0001). The third inde- 
pendent factor was the spinal level, with particularly 


Fig. 3.58. Overall tumor 
récurrence rates for patients 
with intramedullary tumors 



Time in Months 


Fig. 3.59. Tumor récur¬ 
rence rates for patients with 
intramedullary tumors as 
a function of the extent of 
tumor resection (log-rank 
test: pcO.0001) 
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Fig. 3.60. Tumor récur¬ 
rence rates for patients with 
intramedullary tumors as a 
function of histological grade 
(log-rank test: p<0.0001) 



Time in Months 


Fig. 3.61. Tumor récurrence 
rates for patients with intra¬ 
medullary tumors as a func¬ 
tion of spinal level (log-rank 
test:p=0.0056) 


high récurrence rates for conus tumors (Fig. 3.61; log- 
rank test: p=0.0056). 

If we then analyze which factors prédisposé to 
long-term stabilization of the patient’s clinical con¬ 
dition (i.e., a low clinical récurrence rate), additio- 
nal factors corne into play apart from local tumor 
control. A multiple régression analysis was performed 
to predict a low clinical récurrence rate for patients 
with intramedullary tumors (Table 3.13). As for 
tumor récurrences, again a complété resection and 
a high spinal level were determined as independent 
factors. In addition, absence of arachnoid scarring, 
dissection of arachnoid scars, and no preoperative ra- 
diotherapy predicted a low rate of clinical détériora¬ 


tions. This finding supports the concept that avoid- 
ance of cord tethering benefits patients in the long 
term. 


Table 3.11. Multivariate analysis for prédiction of a low tu¬ 
mor récurrence rate for patients with intramedullary tumors 



Complété resection 0.2446 

Benign grade 0.1660 

High spinal level 0.1654 


Corrélation: r=0.3422, p=0.0001 
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Table 3.12. Tumor récurrence rates 
for patients with intramedullary tu- 



Benign grade 

9% 

18% 

21% 

Malignant grade 

44% 

68% 

68% 

Complété resection 

3% 

8% 

13% 

Partial resection 

19% 

35% 

35% 

Biopsy/decompression 

37% 

58% 

58% 

Cervical 

12% 

18% 

18% 

Thoracic 

12% 

25% 

30% 

Conus 

31% 

55% 

55% 


Total 13% 24% 26% 


Table 3.13. Multivariate analysis for prédiction of a low clini- 
cal récurrence rate for patients with intramedullary tumors 



Complété resection 0.3218 

High spinal level 0.2101 

No preop. arachnoid scar 0.1693 

Arachnoid scar dissected 0.1114 

No preop. radiotherapy 0.0995 


Corrélation: r=0.4536,p=0.0002 

3.4.5.3 
Survival 

Finally, we analyzed postoperative survival rates: 87% 
of patients survived for 1 year, 76% for 5 years, and 
73% for 10 years (Fig. 3.62). Multiple régression anal¬ 
ysis determined that a benign histological grade 


(Fig. 3.63), no tumor récurrence, no arachnoid scar- 
ring, a high preoperative Karnofsky score (Fig. 3.64), 
and a long preoperative history predicted long sur¬ 
vival (Table 3.14). For grade I tumors, survival rates of 
84% after 5 and 10 years, respectively, were observed. 
With grade II tumors, even 92% survived for 5 and 
10 years, respectively. The results for malignant intra¬ 
medullary tumors were nothing but frustrating for 
patients with grade IV tumors and somewhat variable 
for patients with grade III tumors (Table 3.15) [107, 
318]. For grade IV tumors, 80% died within 12 months 
of surgery, with ail patients dead within 2 years re- 
gardless of the amount of resection or the type of ad¬ 
juvant therapy. With grade III tumors, we observed 
higher survival rates, with three patients surviving 
more than 5 years. We also observed subarachnoid 
dissémination in many patients with malignant in¬ 
tramedullary tumors. Once this occurred, patients 
died within a few weeks or months at the latest. 


Fig. 3.62. Overall survival 
rate of patients with intra¬ 
medullary tumors 
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Fig. 3.63. Survival rates for 
patients with intramedullary 
tumors as a function of his- 
tological grade (log-rank test: 
p<0.0001) 
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Fig. 3.64. Survival rates for 
patients with intramedullary 
tumors as a function of the 
preoperative Karnofsky score 
(log-rank test: p=0.0012) 


Table 3.14. Multivariate analysis for prédiction of a low mor- 
tality rate for patients with intramedullary tumors 


1 Factor 

p-value 1 

Benign grade 

0.1788 

No local récurrence 

0.1775 

No preop. arachnoid scar 

0.1270 

High preop. Karnofsky score 

0.1211 

Long history 

0.0795 


Table 3.15. Survival rates for patients with intramedullary 
tumors 



Grade I 

93% 

84% 

84% 

Grade II 

100% 

92% 

92% 

Grade III 

89% 

42% 

21% 

Grade IV 

20% 

0% 

- 

Karnofsky set 

jre >70 98% 

85% 

81% 

Karnofsky set 

>re <70 75% 

63% 

63% 


Corrélation: r=0.3680,p=0.0002 


Total 


87% 


76% 


74% 
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3.5 

Spécifie Entities 


3.5.1 

Ependymomas 

Ependymomas and astrocytomas are the most fre¬ 
quent intramedullary tumors. Ependymomas of the 
spinal canal may be located intramedullarly, attached 
to the filum terminale, or even extradurally originat- 
ing from hétérotopie ependyma cells [226, 230]. Un- 
like some authors, we hâve eliminated ependymomas 
of the filum terminale from the analysis of intramed¬ 
ullary ependymomas. They are discussed in the sec¬ 
tion on extramedullary tumors. 

Intramedullary ependymomas are solitary tumors 
that are located centrally in the spinal cord in the 
overwhelming majority of patients (Figs. 3.33, 3.40, 
3.42, and 3.53). However, patients with intramedul¬ 
lary ependymomas and disseminated disease [195, 
207] and with exophytic components [122] hâve been 
described. A significant proportion of NF-2 patients 
also harbor intramedullary ependymomas (Figs. 3.37 
and 3.41) [189, 214,254,284, 301], Analyses of the ge- 
netic features of ependymomas even disclosed links 
to the NF-2 gene [21, 74], 

We hâve observed 84 intramedullary ependymo¬ 
mas in this sériés; 5 patients refused surgery, so that 
79 ependymomas were included in our analysis of 
surgical results. They presented at an average âge of 
43±15 years (range 8-74 years) after a quite variable 
history ranging from 1 month to 12 years (mean 
30±30 months). We observed an equal sex distribu¬ 
tion in this subgroup and followed these patients for 
37±38 months (maximum 12 years). 

At the beginning of the history, signs are often 
quite unspecific, with some additional sensory im- 
pairment in about 70% of patients according to 
Schwartz and McCormick [301] or pain [195]. In our 
sériés, pain and gait ataxia were the commonest ini¬ 
tial symptoms (Table 3.16). By the time of surgery, 
gait ataxia was the major concern for 43% of patients. 
The overall clinical picture before surgery is present¬ 
ed in Table 3.17. Compared to the second major group 
of intramedullary tumors (i.e., astrocytomas), there 
were no significant différences détectable. 

Quite often, small tumor hemorrhages can be ob¬ 
served on MRI, particularly at the tumor pôles [28, 
217,239], leading to the somewhat characteristic cap- 
ping sign on the T2-weighted images mentioned 
above. Usually, such hemorrhages remain clinically 
insignificant as long as they are minor or the blood 
can accumulate in a preexisting cyst (Fig. 3.65). But 


Table 3.16. Initial symptoms of intramedullary ependymo¬ 
mas and astrocytomas 


Pain 39% 

Gait ataxia 21% 

Motor weakness 8% 

Sensory déficits 16% 

Dysesthesias 14% 

Sphincter problems 1% 

Scoliosis 


28% 

23% 

27% 

8% 

11 % 

2% 


Table 3.17. Symptoms for intramedullary ependymomas and 
astrocytomas at présentation 



Pain 

51% 

44% 

Gait ataxia 

75% 

88% 

Motor weakness 

73% 

88% 

Sensory déficits 

90% 

85% 

Dysesthesias 

58% 

51% 

Sphincter problems 

29% 

36% 


we hâve also seen one patient with a sudden hemor- 
rhage leading to a permanent paraparesis before sur¬ 
gery could be undertaken (Fig. 3.39) [301]. In terms of 
the spinal distribution of these tumors, 36 were en- 
countered in the cervical cord, 38 in the thoracic cord, 
and 5 in the conus area; 65% of ependymomas showed 
an associated syrinx. 

The majority of ependymomas can be removed 
completely. In the literature, rates for complété resec¬ 
tions vary between 69% [89], 70% [195], 74% [149], 
81% [271], 90% [28], 95% [204], and 97% [39], We hâve 
removed 82% of ependymomas completely, while a 
subtotal removal was achieved in 15% and a biopsy 
procedure and décompression was performed in 3%. 
Incomplète resections were associated with signifi- 
cantly higher, permanent surgical morbidity (42% 
compared to 11% after complété resections, respec- 
tively; log-rank test: p=0.0124), indicating lack of sur¬ 
gical expérience as a major contributor to this différ¬ 
ence. Complications occurred in 17%, with CSF leaks 
and wound infections as the commonest problems. 

Postoperatively, the majority of patients demon- 
strated an unchanged clinical picture so that early 
surgery is recommended (Table 3.18) [28, 39,195,256, 
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Fig. 3.65. Sagittal Tl- (a) and T2-weighted (b) MRI scans of 
an ependymoma at Th2-Th3 with an intramedullary hemor- 
rhage into an associated cyst in a 53-year-old man with a 6- 
month history of dysesthesias. There was no clinical sign of a 
sudden détérioration suggesting this hemorrhage. Tl- (c) and 


T2-weighted (d) axial scans demonstrate the changes in the 
intramedullary signal due to hemosiderin in the solid tumor 
part and the sédimentation of blood in the associated cyst, re- 
spectively. (Continuation see nextpage) 


271], In a sériés by Chang et al. [39], 64% of patients 
were unchanged postoperatively, 26% improved, and 
10% worsened. In a study on 93 ependymomas, the 
condition of 9 patients had improved 1 year postop¬ 
eratively, 14 were worse, and the remainder unchanged 
[28]. In a study on 20 children with intramedullary 
ependymomas, Lonjon et al. [195] reported postoper- 
ative improvements for 40%, unchanged neurology 
for 50%, and détériorations for 10%. Raco et al. [271] 
determined improvements for 25%, while 66% re- 
mained unchanged. In our sériés, 29% experienced a 
transient détérioration of neurological function after 
surgery. Once recovery had occurred, 15% reported 


postoperative improvement and 48% stabilization of 
their neurological function after complété tumor re¬ 
section, whereas 37% demonstrated a worse clinical 
condition. After subtotal resection, no patient report¬ 
ed a postoperative improvement. Two-thirds were left 
unchanged, whereas one-third were worse. Table 3.18 
gives an overview of the postoperative course for in- 
dividual symptoms within the first postoperative year 
after complété and subtotal resections. A significant 
improvement was only seen for the postoperative 
course of pain, whereas scores for sensory function, 
gait ataxia, and the Karnofsky score were significant- 
ly reduced after 1 year compared to preoperatively. 
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Fig. 3.65. ( Continued ) e Intraoperative view after open- 
ing the cord in the midline, showing part of the tumor and 
a hematoma. With removal of the blood (f), the tumor could 
finally be dissected in conventional manner (g), h The final 


view shows the situation after complété resection of the tumor 
and évacuation of the hemorrhage. After a short period of neu- 
rological détérioration, the patient recovered his preoperative 
functions 


Table 3.18. Clinical course for 
patients with intramedullary ependy- 
momas related to tumor removal 



Complété 

Subtotal 

Hypesthesia 

Complété 

Subtotal 

Dysesthesias 

Complété 

Subtotal 

Gait 

Complété 

Subtotal 


4.1±0.9 4.0±0.8 4.3±0.8 4.4±0.9 4.3+0.9* 

4.2±1.0 3.9±1.1 4.6±0.7 4.8±0.4 4.8±0.4 


2.3±1.0 2.4±1.0 


4.0±0.9 4.0±0.9 3.8±0.9 

4.2±1.0 4.2±1.0 4.0±0.9 


3.7±1.0 

3.9±0.9 


Motor power 

Complété 4.0±1.1 

Subtotal 3.8±1.0 

Sphincter function 
Complété 4.5±1.0 

Subtotal 4.7±0.7 

Karnofsky score 
Complété 73±13 

Subtotal 71±14 


3.1+1.3 3.4±1.2 

3.1+1.6 3.3±1.6 


3.7+1.8 4.1±1.4 

3.9±1.7 4.1±1.7 


61+17 66+17 

61+18 63+18 


3.5+1.3 3.6+1.2 

3.4+1.S 3.4+1.5 


4.2+1.3 4.2+1.3 

4.1+1.7 4.1+1.7 


68+18 69+18* 

67+18 68+18 


Statistically significant différence between preoperative status and 1 year postopera- 
tively: *p< 0.05, **p<0.01 
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Table 3.19. Multivariate analysis for prédiction of a high 
postoperative Karnofsky score after 1 year for intramedullary 
ependymomas 



Preop. Karnofsky score 0.6798 

No dysesthesia syndrome 0.3986 

No récurrence 0.2697 

High spinal level 0.2464 

No preop. arachnoid scar 0.1943 

No postop. tethering 0.1728 

Youngage 0.1176 


Corrélation: r=0.9063, p<0.0001 

A multiple régression analysis to predict a high 
postoperative Karnofsky score after 1 year disclosed a 
high preoperative Karnofsky score and no dysesthesia 
syndrome as the most significant factors. Other less 
important influences were no récurrence, young âge, 
high spinal level, and neither preoperative nor post¬ 
operative arachnoid scarring (Table 3.19). The amount 
of tumor resection and the histological grade had no 
influence on the postoperative Karnofsky score ac- 
cording to this analysis. 

The histological classification of low-grade epen¬ 
dymomas does not appear to be of prognostic signifi- 
cance in intramedullary ependymomas [228]. Among 
our patients, just one 14-year-old girl was diagnosed 
with a grade III tumor and underwent postoperative 
radiotherapy after complété resection of her tumor 
(Fig. 3.66); 44 months later there was no evidence of 
récurrent tumor. However, with anaplastic ependy¬ 
momas, the overall prognosis is generally poor in 
terms of local control and survival [228]. 

Intramedullary ependymomas provide a much 
better prognosis than their intracranial counterparts 
[149, 228, 273]. This is due to the fact that the spinal 
cord contains this tumor, the cord substance is dis- 
placed rather than infiltrated and, thus, the tumor is 
usually completely resectable with minimal risk of 
subarachnoid seeding, which is often observed with 
extramedullary ependymomas or ependymomas of 
the fourth ventricle [273]. 

With complété removal of an intramedullary ep- 
endymoma, tumor récurrences are rare and the pa¬ 
tient can expect a good prognosis [56, 195, 217, 252, 
256, 271, 273, 305], Tumor removal should be recom- 
mended as soon as the diagnosis is made, regardless 
of extension (Fig. 3.67). According to multiple régres¬ 
sion analysis, incomplète resection was the most im¬ 
portant factor predicting a récurrence [273, 338], 
Other less important factors were postoperative ra¬ 


diotherapy, a high spinal level, and female sex (Ta¬ 
ble 3.20). We observed no local récurrences after 
complété resections at ail, with a maximum follow up 
of 12 years. After subtotal resections, two récurrences 
within 14 months were observed, providing a récur¬ 
rence rate of 21% (Fig. 3.68). Likewise, Schick et al. 
[297] determined a récurrence rate of 20% after sub¬ 
total resections within a period of 29-118 months 
without using Kaplan-Meier statistics. Chang et al. 
[39] reported a 5-year rate without récurrence of 70% 
and determined in a multivariate analysis that the ex- 
tent of resection was the décisive factor. Lonjon et al. 
[195] gave no postoperative radiotherapy and ob- 
tained récurrence rates of 7% after 5 years and 30% 
after 10 years. 

Examination of postoperative survival statistics 
disclosed a 1-year survival rate of 95% and rates of 
91% after 5 and 10 years, respectively (Fig. 3.69). Shi- 
rato et al. [311] reported a 5-year survival rate of 96%. 
Lonjon et al. [195] observed a survival rate of 90% af¬ 
ter 5 and 10 years. Ferrante et al. [89] reported a 10- 
year survival rate of 80%. Raco et al. [271] and Sgou- 
ros et al. [305] determined postoperative survival 
rates of 83% and 85.5%, respectively, for 5 years after 
complété removal, and observed a strong relationship 
between survival rates and amount of resection. This 
relationship was not évident in our sériés as both 
groups demonstrated virtually identical survival rates 
of 91% and 89% after 5 years for complété and subto¬ 
tal removal, respectively. 

In terms of adjuvant radiotherapy, low doses of be- 
low 40 Gy are certainly not effective [89]. With higher 
doses, some studies report a benefit. However, most of 
them mix intramedullary and extramedullary epen¬ 
dymomas together [47, 207, 259, 305, 309, 338] or do 
not compare groups with and without postoperative 
radiotherapy [47, 176, 207, 259, 283, 309], Neverthe- 
less, these studies recommend applying radiotherapy 
to ail patients operated for spinal ependymomas, even 
claiming that the amount of tumor resected is irrele¬ 
vant for the patients outcome [309]. Shaw et al. [309] 
gave a disease-free rate of 81% for 5 years and 71% for 
10 years; 95% of their patients survived 5 or 10 years. 
Marks and Adler [207] reported a 5-year survival rate 
of 57% for intramedullary ependymomas after radio¬ 
therapy. Compared to surgical sériés, however, these 
numbers certainly do not support a major rôle for ra¬ 
diotherapy in the treatment of intramedullary epen¬ 
dymomas. 

From our review of the literature, there is no con¬ 
clusive evidence that radiotherapy has a bénéficiai ef- 
fect for patients with incompletely resected intramed¬ 
ullary ependymomas [133]. For extramedullary 




3.5 Spécifie Entities 


101 






Fig. 3.66. Tl-weighted MRI scans without (a) 
and with contrast (b, c), and T2-weighted images 
(d, e) of an anaplastic ependymoma at C3-C5 in 
a 24-year-old man with a 5-month history of pain 
and rapidly progressive motor weakness. There 
is little enhancement of the tumor with contrast. 
The tumor is located on the right side of the cord 
and is best demarcated on T2-weighted images 
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Fig. 3.67. These, contrast-enhanced sagittal (a) and axial 
(b) MRI scans show an intramedullary ependymoma extend- 
ing from the posterior fossa to Th2 in a 25-year-old woman 
presenting with a 5-year history of slight gait ataxia and tet- 


raparesis. Surgery was recommended as the only chance for 
preserving neurological functions in the long term. The pa¬ 
tient repeatedly refused surgery and died 2 years later from 
respiratory failure 



Fig. 3.68. Tumor récurrence 
rates for patients with intra¬ 
medullary ependymomas 
as a function of the amount 
of tumor resected (log-rank 
test:p=0.0026) 
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Table 3.20. Multivariate analysis for prédiction of a low clin- 
ical récurrence rate for patients with intramedullary tumors 



Complété resection 0.5338 

Radiotherapy 0.3967 

High spinal level 0.2028 

Female sex 0.1062 


Corrélation: r=0.6818,p<0.0001 


Type of Surgery 

-Complété 

-Subtotal 

150 200 


ependymomas of the filum terminale, radiotherapy 
seems to be more efficient [207]. If surgery has to be 
performed after radiotherapy, cleavage planes may be 
much more difficult to define due to the gliosis, which 
may hâve formed in the radiation field [89], 

Given the excellent long-term results in terms 
of local récurrences and survival rates after surgery 
alone, there is a general agreement among neuro¬ 
surgeons not to recommend postoperative radiother¬ 
apy for intramedullary ependymomas [217, 234, 
273], Even after incomplète resections, we rather 
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Fig. 3.69. Survival rate of 
patients with intramedullary 
ependymomas 
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perform a second operation than advise radiothera- 
py [195]. Currently, we recommend radiotherapy 
only for patients with WHO grade III tumors. This 
recommendation is given basically for lack of alterna¬ 
tives. 


3.5.2 

Astrocytomas 

Astrocytomas are the commonest intramedullary 
tumors in children and occur secondary to ependy¬ 
momas in adults [130], The great majority of patients 
with intramedullary astrocytomas hâve solitary tu¬ 
mors (Figs. 3.35, 3.36, and 3.44-3.47). However, in 
patients with NF-1 or NF-2, intramedullary astrocy¬ 
tomas may be encountered together with other spinal 
tumors (Fig. 3.43) [189, 214, 254, 284, 348], 

According to the literature, the average patient his- 
tory can be expected to last 13 months, with a consid- 
erably shorter history for malignant as compared to 
benign astrocytomas [45, 168, 291], The patient his¬ 
tory was longer in our sériés and lasted 29±41 months. 
One patient gave a history of dysesthesias for more 
than 10 years before the diagnosis was made. There 
was a marked différence between benign and malig¬ 
nant astrocytomas. In the former, the average history 
was significantly longer compared to malignant tu¬ 
mors (38±46 months and 7±14 months, respectively; 
p<0.0001). Patients presented at an average âge of 
29±18 years with an equal âge distribution spanning 
from 1 week to 69 years. Twenty-two children 
(<18 years) underwent 23 operations, while 38 adults 
were operated for 42 tumors. Two additional patients 
had refused surgery. 


Pain is the commonest initial symptom [24, 130, 
151]; however, gait ataxia and motor weakness were 
mentioned almost as often as the initial complaint 
(Table 3.16). At présentation, gait ataxia and motor 
weakness predominated the clinical picture in 75% of 
patients (Table 3.17). A comparison of benign and 
malignant tumors revealed no significant différences 
in the clinical picture apart from the considerably 
shorter history for malignant tumors, as already men¬ 
tioned. Eighteen tumors were located in the cervical 
cord, 32 in the thoracic, and 15 in the conus area; 31% 
had an associated syrinx. 

Astrocytomas are infiltrating tumors, so radical 
resection is not possible in most instances. The goal of 
treatment is to reduce the tumor size as much as pos¬ 
sible (Figs. 3.45-3.47). We were able to achieve com¬ 
plété resections in 18% of our patients (i.e., no visible 
tumor left intraoperatively and on postoperative MRI; 
Figs. 3.35, 3.36, 3.43, and 3.44); 62% were removed 
subtotally and the remaining patients underwent a 
biopsy procedure and décompression (11%), or cys- 
tostomy for cystic tumors (9%). 


Table 3.21. Histological grades for intramedullary astrocy- 


Grade Adults 


I 27 (64%) 

II 3 (7%) 

III 9 (21%) 

IV 3 (7%) 


Children Total 


14 (61%) 41 (63%) 

5 (22%) 8 (12%) 

3 (13%) 12 (18%) 

1 (4%) 4 (6%) 
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Symptom 

Preope- 

Postope- 

3 Months 

6 Months 

1 Year 


r: 

status 

postop. 

postop. 

postop. 


Pain 


Table 3.22. Clinical course for 
patients with intramedullary astro- 
cytomas related to tumor resection 
and histological grade 


Complété 

4.3±0.9 

4.3+0.5 

4.4+0.5 

4.3+0.7 

4.1+1.0 

Subtotal 

4.9+0.4 

4.4+0.8 

4.6+0.5 

4.9+0.4 

5.0 

Benign 

4 . 1*14 

3.9+0.9 

4.4+0.7 

4.4+0.7 

4.5+0.8 

Malignant 

4.2+1.2 

4.3+0.9 

4.6+0.7 

4.4+0.7 


Hypesthesia 

Complété 

3.5+1.1 

2.4+0.7 

2.9+0.6 

2.9+0.6 

2.8+0.9 

Subtotal 

3.9+0.7 

2.6+1.0 

2.6+1.0 

2.6+1.0 

2.7+1.0* 

Benign 

3.0+1.4 

2.0+1.1 

2.2+1.2 

2.1+1.3 

2.2±1.3 lt 

Malignant 

3.0+0.7 

2.3+1.1 

2.6+1.1 

2.6+1.1 


Dysesthesias 

Complété 

3.9+0.8 

4.0+0.8 

4.1+0.6 

4.1+0.6 

4.3+0.5 

Subtotal 

4.7+0.5 

4.6+0.5 

4.3+0.8 

4.3+0.8 

4.3+0.8 

Benign 

4.1+0.9 

4.1+1.0 

4.2+0.9 

4.1+1.0 

4.2+0.9 

Malignant 

4.1+0.9 

4.4+0.5 

4.3+0.7 

4.3+0.7 


Gait 

Complété 

3.1+1.6 

3.0+0.9 

3.1+1.1 

3.5+0.9 

3.5+0.9 

Subtotal 

3.9+0.4 

2.3+1.3 

3.1+1.2 

3.3+1.6 

3.6+1.3 

Benign 

3.0+1.7 

2.5+1.3 

2.8+1.5 

3.0+1.6 

3.1+1.6 

Malignant 

2.6+1.5 

2.2+1.5 

2.6+1.7 

2.4+1.6 


Motor power 

Complété 

3.6+1.4 

3.3+1.5 

3.5+1.2 

3.8+0.9 

3.8+0.9 

Subtotal 

3.6+1.3 

3.0+1.3 

3.1+1.2 

3.6+1.4 

3.6+1.4 

Benign 

3.0+1.6 

2.6+1.5 

2.8+1.5 

3.1+1.5 

3.1+1.6 

Malignant 

3.0+1.6 

2.7+1.6 

2.9+1.6 

2.9+1.6 


Sphincter function 

Complété 

4.3+1.2 

3.5+1.9 

3.9+1.3 

4.0+1.3 

3.9+1.6 

Subtotal 

4.9+0.4 

3.7±2.2 

4.1+1.9 

4.1+1.9 

4.1+1.9 

Benign 

4.2+1.6 

3.6+2.0 

4.0+1.6 

4.0+1.6 

4.0+1.6 

Malignant 

4.0+1.6 

3.9+1.8 

3.9+1.8 

3.9+1.8 


Karnofsky score 

Complété 

68+19 

66+15 

70+12 

74+11 

72+15 

Subtotal 

75+8 

56+15 

66+14 

73+10 

73+10 

Benign 

66+19 

58+17 

63+17 

67+18 

66+19 

Malignant 

55+21 

54+18 

57+19 

58+19 



Statistically significant différence between preoperative status and 1 year post- 
operatively: *p<0.05, **p<0.01 


Similar figures were reported by Kim et al. [168]. 
They obtained 3 total removals among 28 patients, 
while subtotal resections were performed in 6 and 
partial resections in 14 patients. Five patients under- 
went a biopsy procedure and décompression. In a 
French multicenter study on pédiatrie intramedullary 


astrocytomas, total or subtotal removal was achieved 
in 43% of 73 patients [24], 

Raco et al. [271] were able to resect 31% of intra¬ 
medullary astrocytomas completely. While none of 
the high-grade tumors were completely removed, a 
complété resection was achieved mainly for pilocytic 
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astrocytomas (81%) and, to a much lower degree, for 
grade II tumors (12%). 

The rate of complété resection has increased over 
the years in our hands, while the percentage of pa¬ 
tients undergoing biopsy procedures and décompres¬ 
sion has dropped. Before 1985, 8% were completely 
resected and 77% subtotally or partially. Between 
1986 and 1995, 14% were removed completely and 
69% subtotally, with still 17% undergoing a biopsy 
procedure and décompression. In the last period since 
1996, 29% were removed completely, 67% subtotally, 
and 4% biopsied. MRI and growing expérience can be 
held responsible for this development. 

Looking at histological grades, différences between 
adults and children appeared with a higher propor¬ 
tion of malignant tumors in adults (17% and 28%, re- 
spectively; Table 3.21) [152, 168], However, this did 
not reach statistical significance. 

Postoperatively, 30% experienced a transient aggra¬ 
vation of neurological déficits that recovered within 
1 year. Permanent surgical morbidity was seen after 
14% of operations. An analysis of morbidity figures 
over the years once again demonstrated a significant 
improvement from 39% before 1985 to 7% after 1986, 
and 8% since 1996. The précisé preoperative localiza- 
tion of the tumor on MRI seems the most plausible 
explanation. Complications were observed in 17%, 
with CSF leaks and wound infections predominating. 

Postoperative improvement was observed in 25%, 
and a stable and unchanged postoperative neurologi¬ 
cal status was seen in 58%, while 17% were worse 
compared to preoperatively. Similar outcomes were 
observed by Raco et al. [271], with functional im- 
provements restricted mainly to pilocytic astrocyto¬ 
mas. On average, sensory function significantly de- 
creases, with the remainder of the neurology being 
left unchanged during the first postoperative year for 
completely and subtotally removed tumors alike. 
Similar clinical trends are observed irrespective of 
histological grades (Table 3.22). 

To predict a high Karnofsky score after 1 year a 
multiple régression analysis determined the preoper¬ 
ative Karnofsky score [168], no tumor récurrence, 
postoperative radiotherapy (for high-grade tumors), 
and a long history as the most powerful predictors 
(Table 3.23). 

Evaluation of tumor récurrence rates for astrocy¬ 
tomas revealed low spinal level (Fig. 3.70), malignant 
grade (Fig. 3.71), and adult âge (Fig. 3.72) as impor¬ 
tant independent predictors (Table 3.24). The amount 
of resection did not influence récurrence rates as an 
independent factor, even though a trend for higher 


Table 3.23. Multivariate analysis for prédiction of a high 
Karnofsky score after 1 year for intramedullary astrocytomas 



High preop. Karnofsky score 0.5600 

No récurrence 0.4429 

Postop. radiotherapy 0.3837 

Long history 0.3336 

Female sex 0.1747 


Corrélation: r=0.9285,p<0.0001 


récurrence rates for incompletely resected tumors 
could be observed (Fig. 3.73). 

Overall, 87% survived for 1 year and 63% and 57% 
survived for 5 and 10 years, respectively (Fig. 3.74). 
Shirato et al. [311] observed a considerably worse sur- 
vival rate of 50% after 5 years, and Huddart et al. [132] 
found a 5-year survival rate of 59%. Both of these 
studies incorporated a significant number of patients 
with postoperative radiotherapy. Survival rates were 
influenced by local récurrences, histological grade 
(Fig. 3.75), and patient âge (Fig. 3.76, Table 3.25) [132], 
For benign tumors, 92% survived 1 year and 77% for 
5 and 10 years. Malignant tumors reduced these num- 
bers to 74% after 1 year, 27% after 5 years, and 14% 
after 10 years. Children had a better survival progno- 
sis than adults, with 87% surviving for 5 years com¬ 
pared to 52% for adults [132,291]. Similar results were 
documented in a sériés of 65 intramedullary astrocy¬ 
tomas, with the length of history, the preoperative 
Karnofsky score, and the histological grade influenc- 
ing survival [139]. 

Numerous studies hâve documented that neither 
progression-free intervals nor survival are influenced 
significantly by the amount of resection, provided a 
réduction of tumor volume to decompress the spinal 
cord was achieved [6, 43, 56, 107, 130, 139, 151, 152, 
215, 318], On the other hand, Constantini et al. [55] 
did observe a corrélation between the amount of re¬ 
section and progression-free survival in low-grade 
astrocytomas. 

Kim et al. [168] calculated the médian survival as 
184 and 8 months for low and high grade tumors, re¬ 
spectively, with a benefit of radiated compared to 
nonradiated patients. In a French multicenter study 
on pédiatrie intramedullary astrocytomas, 36 patients 
underwent postoperative radiotherapy and 9 chemo- 
therapy. Good outcome was related to young âge, his¬ 
tory longer than 2 months, preoperative spinal defor- 
mity, and low histological grade [24], Radiotherapy 
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Time in Months 


Fig. 3.70. Tumor récurrence 
rates for patients with intra¬ 
medullary astrocytomas as a 
function of spinal level (log- 
rank test: p=0.07) 



Time in Months 


Fig. 3.71. Tumor récurrence 
rates for patients with intra¬ 
medullary astrocytomas as a 
function of histological grade 
(log-rank test: p=0.0007) 



Fig. 3.72. Tumor récurrence 
rates for patients with intra¬ 
medullary astrocytomas as 
a function of patient âge 
(log-rank test: p=0.06) 
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Table 3.24. Multivariate analysis for prédiction of a low ré¬ 
currence rate for intramedullary astrocytomas 



High spinal level 0.3380 

Benign grade 0.2973 

Youngage 0.2137 

High preop. Karnofsky score 0.1563 


Corrélation: r=0.5607,p=0.0014 


Fig. 3.73. Tumor récurrence 
rates for patients with intra¬ 
medullary astrocytomas as a 
function of the amount 
of tumor resected (log-rank 
test: not significant) 


had no influence on survival, while extent of surgery 
was marginally not significant (p= 0.08). 

Jallo et al. [151] reported a sériés of 17 low-grade 
astrocytomas in adult patients. They had presented 
after an average history of 20months (range: 1- 
48 months). Four patients with subtotal removals un- 
derwent postoperative radiotherapy. Three patients 
died due to tumor progression 24-36 months after 
surgery. Fourteen patients are alive with stable dis- 
ease and a médian follow up of 7.4 years. In nine of 
these patients, MRI demonstrated no evidence of tu¬ 
mor. The 5- and 10-year survival rates were 82%. 
Twelve patients (86%) had improved or kept their pre- 
operative status postoperatively. 



Type of Surgery 

-Complété 

Subtotal 

Décompression 
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Fig. 3.74. Survival rate for 
patients with intramedullary 
astrocytomas 
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Fig. 3.75. Survival rates for 
patients with intramedullary 
astrocytomas as a function of 
histological grade (log-rank 
test:p=0.0004) 



Fig. 3.76. Survival rates for 
patients with intramedullary 
astrocytomas as a function of 
âge (log-rank test: p=0.074) 


Table 3.25. Multivariate analysis for prédiction of high sur¬ 
vival rate for intramedullary astrocytomas 



No récurrence 0.3045 

Benign grade 0.2875 

Youngage 0.2110 


Corrélation: r=0.5745,p=0.0001 


Overall, this analysis shows that pédiatrie and 
adult patients demonstrate different biological behav- 
iors of these tumors. In children, the postoperative 
course is more often benign after complété or subtotal 


resection compared to adults [54, 68, 130, 131, 152, 
252], even though Hardison et al. [118] made the op¬ 
posite observation with 39% and 14% of children with 
low-grade astrocytomas dead and without clinical 
progression within 5 years, respectively. 

A point of continuing controversy is the value of 
postoperative radiotherapy. Epstein et al. [84] report- 
ed long progression-free intervals after resection of 
low-grade astrocytomas without radiotherapy in 
adults. Houten and Weiner [131] reported a 5-year 
survival rate of 57% in children with low-grade astro¬ 
cytomas, while Bouffet et al. [24] gave a figure of 76% 
and Jallo et al. [152] of 88% for this group and time. 
The postoperative course of incompletely removed 
low-grade astrocytomas is considered by most neuro- 
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Fig. 3.77. Sagittal Tl- weighted MRI scans of an WHO grade 
III astrocytoma at C3-C6 in a 16-year-old girl before (a) and 
after partial resection (b; see also Fig. 3.47). Despite chemo- 


and radiotherapy, the patient demonstrated a local récurrence 
and subarachnoid spreading (c, d), and died 12 months after 
surgery 


surgeons as being so benign that radiotherapy should 
be withheld and rather, repeated surgeries undertak- 
en [54, 151]. The major factor influencing the long- 
term clinical course and survival is the histological 
grade and not the mode of treatment [55, 107, 130, 
132,137,157]. 

Nevertheless, several authors recommend postop- 
erative radiotherapy for intramedullary astrocytomas 
[45,132,133,141,157, 311]. High radiation doses may 


provide survival times of 4years in some cases for 
malignant astrocytomas [141]. However, a clinical 
randomized study is still not available. Other studies 
denied such an effect for high-grade tumors and 
pointed toward the risk of radiation-induced myelop- 
athy if sufficient doses are applied [333], Even radia¬ 
tion-induced gliomas hâve been reported [17,112], 

In a study on 36 spinal cord astrocytomas - 21 
glioblastomas (grade IV), 13 anaplastic astrocytomas 
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Fig. 3.78. a This sagittal, contrast-enhanced Tl-weighted 
MRI shows an WHO grade III astrocytoma in the conus 
area of a 28-year-old woman with a 4-week history of a 
slight paraparesis and no sphincter problems. Despite 
surgery, and chemo- and radiotherapy, she developed a 
local récurrence and subarachnoid spreading of the tumor 
with multiple lésions supra- (b) and infratentorially (c). 
The patient died 22 months after surgery 


(grade III), 2 grade II astrocytomas - by Santi et al. 
[291], 29% received postoperative radiotherapy and 
19% a combination of radiotherapy and chemothera- 
py. The two grade II tumors and six anaplastic tumors 
progressed to glioblastomas. The authors observed 15 
central nervous System métastasés in this group plus 
2 extraneural métastasés. The overall médian surviv- 
al time was 10 months for both grade III (range 1- 
84 months) and grade IV (range 1-43 months) tu¬ 
mors. Patients older than 40years had a shorter 
survival (in the range of a few months) compared to 
younger patients, who survived for 1 year on average. 
The authors concluded that there is no prognostic dif¬ 
férence between grade III and IV tumors or survival 
advantage for patients who had undergone aggressive 
surgery, radiotherapy, or chemotherapy. Shirato et al. 


[311] recommended high doses of radiation - so called 
radiocordectomy - for high-grade astrocytomas, 
claiming two long-term survivors (i.e., longer than 
4 years) among six high-grade tumors. 

Cohen et al. [48] reported 19 malignant astrocyto¬ 
mas with an average history of 7 weeks. Ail but one 
patient received postoperative radiotherapy and 53% 
received additional chemotherapy. Ail but one patient 
died after a mean survival of 6 months; 58% had évi¬ 
dence of dissémination. The authors recommended 
postoperative adjuvant radiotherapy for the entire 
neuraxis. 

We advise radiotherapy for patients with WHO 
grade III and IV tumors only. A high-grade astrocy¬ 
toma of the spinal cord is an eventually fatal disease. 
From our expérience, the length of survival is quite 
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Fig. 3.79. Sagittal Tl-weighted MRI scan (a) of a WHO grade 
III astrocytoma at Th2/3 in a 47-year-old woman with a 5- 
month history of a progressive paraparesis. The patient un- 
derwent radiotherapy subséquent to surgery. No local récur¬ 
rence developed, but she presented 3 years later with a WHO 


grade III cerebellar astrocytoma. This was also removed and 
treated with adjuvant radiotherapy, but the patient returned 
with subarachnoid seeding (b) and hydrocephalus, and finally 
died almost 7 years after the initial operation 


variable for grade III patients (Figs. 3.45-3.47) but 
limited to months for grade IV patients [24, 45, 84, 
130, 157], Subarachnoid dissémination is very com- 
mon in high-grade astrocytomas of the spinal cord 
and should be suspected in patients who deteriorate 
after therapy for these tumors (Figs. 3.77-3.79) [18, 
45, 48, 121, 141, 258, 294], Intramedullary glioblasto- 
mas hâve also been described after removal of intra- 
cranial high-grade astrocytomas [117], as was the case 
in one of our patients who developed a thoracic intra¬ 
medullary glioblastoma after partial resection of an 
anaplastic thalamic astrocytoma. 

Among our sériés of 16 high-grade astrocytomas, 
9 underwent postoperative radiotherapy, 1 patient re- 
ceived chemotherapy, and 1 patient a combination of 
both. Ail four grade-IV patients were dead within 
2 years. Of nine patients with grade III tumors, five 
patients survived longer than 2 years, with three pa¬ 
tients still alive at 7, 52, and 103 months after surgery 
and six patients dead 10,17,20,22,48, and 80 months 
postoperatively. One explanation for the great vari- 
ability in outcome of patients with grade III tumors 
may be related to difficulties with a correct histologi- 
cal classification. Even though reference centers were 
consulted in ail cases, we hâve observed quite diverse 
opinions, especially with grading of astrocytomas in 
young children. Among such children with grade III 
tumors, two patients hâve not undergone any adju¬ 


vant therapy at ail, with no evidence of tumor récur¬ 
rence or progression on follow up. 

First reports on chemotherapy of intramedullary 
gliomas in children are promising [333], even for 
high-grade tumors [13]. But these reports are still 
based on very low patient numbers. As malignant tu¬ 
mors in this localization are very rare, hardly any 
single institution acquires enough patients to perform 
an appropriate prospective study [13]. Given the fact 
that intramedullary astrocytomas behave differently 
compared to their intracranial counterparts, differ¬ 
ent clinical courses are apparent for children and 
adults, and the problems of a correct classification of 
spinal astrocytomas, it seems problematic to simply 
transfer expériences with chemotherapy of intracra¬ 
nial gliomas to intramedullary cases. 

Allen et al. [5] described the results of a pilot study 
for 13 of 18 children with anaplastic astrocytomas 
and glioblastomas. The 5-year rate for recurrence-free 
survival was 46% and the overall 5-year survival rate 
was 54% for these 13 children. No survivors were en- 
countered among glioblastomas; ail except two sur- 
viving patients hâve evidence of disease. Doireau et al. 
[72] treated eight children with unresectable or récur¬ 
rent tumors with a regimen of carboplatin, procarba- 
zine, vincristine, cyclophosphamide, etoposide, and 
cisplatin over 16 months. Three patients had evidence 
of subarachnoid dissémination. The authors claimed 
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a complété remission in four children, with ail but 
one child alive and clinically stable after 59,55,40,35, 
and 16 months. However, among this small sériés of 
eight patients was one patient with an unclassified as- 
trocytoma and two patients with pilocytic astrocyto- 
mas, while the remainder were anaplastic. Townsend 
et al. [333] observed a bénéficiai effect with chemo- 
therapy for low-grade astrocytomas in children. This 
conclusion was based on four children. Quite clearly, 
an appropriate prospective study on a larger scale is 
needed to prove a bénéficiai effect for chemotherapy 
of spinal cord astrocytomas [13]. 

3.5.3 

Angioblastomas 

Angioblastomas represent about 2.1% [145,247] to 5% 
[276] of spinal tumors according to the literature, and 
about 1.9% of ail spinal and 11.8% of intramedullary 
tumors in our sériés. They tend to occupy the poste- 
rior, paramedian aspect of the spinal cord (Figs. 3.34 
and 3.48) [185, 198, 223, 336], However, centrally or 
anteriorly located angioblastomas do occur (Fig. 3.49) 
[134, 264], 

We hâve operated on 21 intramedullary angioblas¬ 
tomas affecting nine female and eight male patients 
(Table 3.26). Ten tumors (48%) were associated with 
VHL. Among VHL patients, between 13% [202] and 
38% [105] harbor spinal angioblastomas. In unselect- 
ed sériés, about 22-25% of patients with an angioblas- 
toma will turn out to hâve VHL [105,263], With iden¬ 
tification of the VHL tumor suppression gene, 
molecular genetic screening has become available and 
should be offered to patients with angioblastomas 
[336]. VHL patients require yearly MRI scans of the 
brain and spinal canal. Radiological examinations of 
these patients should not only concentrate on mea- 
suring individual tumor sizes, but also monitor the 
associated cysts. We consider an increase of an intra¬ 
medullary cyst associated with an unchanged angio- 
blastoma as an indication for surgery as much as évi¬ 
dence of tumor growth. In one study, surgery was 
recommended even for asymptomatic patients with 
increasing cysts [336], 

In our sériés, 12 tumors were situated in the cervi¬ 
cal area and the remaining 9 in the thoracic cord; ail 
but 2 demonstrated an associated syrinx. Patients 
presented at an average âge of 39±14years (range 
13-65 years) after a history of 39±41 months, ranging 
between 2 months and 13 years. A comparison of 
patients with and without VHL revealed that patients 
with VHL were slightly younger (34±13 years and 
42±14 years, with vs. without VHL, respectively; 


not significant) and presented a shorter history 
(19±23 and 51±48 months, respectively; p= 0.03) 
than those without. Patients were followed for 
53±59 months. One-third of patients each reported 
pain or sensory déficits as the initial symptoms, with 
motor weakness (14%), dysesthesias (14%), and 
sphincter disturbances (5%) being less common ini- 
tially. At présentation, pain (29%), and sensory (24%) 
and motor déficits (24%) were mentioned as the major 
concerns by most patients [62, 185], Dysesthesias 
(14%) and gait ataxia (10%) were reported as the main 
symptoms less often. This is in contrast to most other 
intramedullary pathologies where gait ataxia and mo¬ 
tor weakness predominate the clinical picture on ad¬ 
mission. Acute présentations due to an intramedul¬ 
lary hemorrhage hâve been reported, but are very rare 
[243, 280, 353], 

Surgical resection is the treatment of choice. Radi¬ 
ation treatment has been performed in the past 
(Fig. 3.38) [277], but is no longer acceptable. In our 
sériés, there was no permanent surgical morbidity. 
Ail but two angioblastomas were removed completely. 
In these two cases, postoperative MRI demonstrated 
small tumor remnants. 

In terms of local control of the angioblastoma and 
neurological outcome, we did not observe a différence 
between patients with and without VHL. Two-thirds 
of patients experienced some postoperative improve- 
ment and 29% an unchanged postoperative status 
[233, 345, 350], while one patient described a postop¬ 
erative worsening. Pain in particular responds favor- 
ably to complété excision [62, 78, 304], Yasargil et al. 
[350] achieved 11 complété resections among a sériés 
of 12 patients with intramedullary angioblastomas. 
Ten of these demonstrated postoperative clinical im- 
provement. 

The postoperative clinical resuit is determined by 
the preoperative status [62, 198, 263, 336] and the 
presence of VHL [78,193], Van Velthoven et al. [336] 
reported 28 patients with intramedullary angioblas¬ 
tomas; 18 (64%) were associated with VHL. Ail tu¬ 
mors were completely removed, with postoperative 
improvement in 28.6% and stabilization in 71.4% of 
patients. 

Pluta et al. [264] compared their results for eight 
patients with anteriorly located angioblastomas ac¬ 
cording to the approach that was used. They encoun- 
tered significant morbidity associated with posterior 
approaches in such tumors and obtained better re¬ 
sults with anterior approaches using a corpectomy 
with subséquent fusion. We hâve not seen significant 
clinical worsening for any of our patients using the 
conventional posterior pathway. 
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Table 3.26. OverView ofpatients with intramedullary angioblastomas 


Sex 

Age 

Level 

History 

VHL 

Symptoms 

Surgery 

Outcome 


(years) 


(months) 





F 

13 

Th9-12 

60 

No 

Hypesth., Gait, Dysesth., Pain, 

Subtotal 

Improved 






Motor, Sphincter 


Rec. 

17 months 

M 

46 

C3-5 

36 

No 

Hypesth., Dysesth., Pain, Motor 

Subtotal 

Improved 

No Rec. 

211 months 

F 

47 

C4-5 

60 

No 

Hypesth., Gait, Motor 

Complété 

Improved 

No Rec. 

11 months 

F 

65 

C2 

36 

No 

Hypesth., Gait, Dysesth., Pain, 

Complété 

Improved 






Motor 


No Rec. 

130 months 

F 

47 

Th6-7 

4 

No 

Hypesth., Gait, Dysesth., Pain, 

Complété 

Improved 






Motor, Sphincter 


Rec. 

36 months 

M 

23 

Cl 

16 

No 

Hypesth., Gait, Dysesth. 

Complété 

Improved 

No Rec. 

84 months 

F 

52 

C5 

48 

No 

Hypesth., Gait, Dysesth., Pain 

Complété 

Improved 

No Rec. 








66 months 

F 

45 

C6-7 

156 

No 

Hypesth., Gait, Dysesth. 

Complété 

Worse 

No Rec. 

9 months 

F 

44 

C4-5 

120 

No 

Hypesth., Gait, Dysesth., Motor 

Complété 

Unchanged 

Lost to follow up 

M 

42 

Cl 

3 

No 

Hypesth., Gait, Dysesth. 

Complété 

Improved 

No Rec. 

18 months 

M 

36 

Thll 

24 

No 

Dysesth., Pain 

Complété 

Unchanged 

Lost to follow up 

M 

24 

Cl-2 

48 

Yes 

Hypesth., Gait, Dysesth., Pain, 

Complété 

Improved 






Motor 


Rec. 

44 months 


24 

ThlO-11 

2 


Hypesth., Gait, Dysesth., Pain 

Complété 

Improved 

Rec. 

6 months 


25 

ThlO 

3 


Hypesth., Gait, Dysesth., Pain, 

Complété 

Improved 






Motor, Sphincter 


No Rec. 

38 months 


28 

Cl-3 

6 


Hypesth., Gait, Dysesth., Pain, 

Complété 

Unchanged 






Motor, Sphincter 


Lost to follow up 

M 

62 

C4-6 

12 

Yes 

Hypesth., Gait, Pain, Motor, 

Complété 

Improved 






Sphincter 


Died 

12 months 

M 

38 

C3 

18 

Yes 

Hypesth., Gait, Pain, Motor, 

Complété 

Unchanged 


Sphincter Died 

36 months 

Abbreviations: F = female, M = male, VHL = von Hippel-Lindau disease, Hypesth. = hypesthesia, Dysesth. = dysesthesia, 
Gait = gait ataxia, Motor = motor weakness. Sphincter = sphincter disturbances, Rec. = récurrence 




114 3 Intramedullary Tumors 


Table 3.26. ( Continued ) 


1 Sex 

Age 

(years) 

Level 

History 

(months) 

VHL 

Symptoms 

Surgery 

Outcome 

F 

23 

Th5-6 

14 

Yes 

Hypesth., Gait, Dysesth., Pain 

Complété 

Improved 

Rec. 

71 months 


30 

C5 

10 


Hypesth., Gait, Dysesth., Pain, 
Motor, Sphincter 

Complété 

Improved 

No Rec. 

4 months 

M 

37 

Th3-4 

6 

Yes 

Hypesth., Dysesth. 

Complété 

Unchanged 

Lost to follow up 

F 

47 

Thl 

72 

Yes 

Hypesth., Gait, Motor, Sphincter 

Complété 

Unchanged 

Lost to follow up 


Récurrences were observed among three out of six 
patients with VHL and for one patient each after a 
complété and an incomplète resection without VHL. 
In VHL, clinically relevant angioblastomas on differ¬ 
ent spinal levels were observed after varying intervals 
of a few months to 6 years. 

De la Monte and Horowitz [67] observed a récur¬ 
rence rate of 27% among 26 patients harboring lésions 
in the cerebellum (24 patients), spinal cord (1 patient), 
or cervicomedullaryjunction (1 patient). Récurrences 
were associated with young âge (<30 years), VHL, and 
the presence of multiple tumors. Récurrent angio¬ 
blastomas were less often accompanied by a syrinx. 

Lee et al. [185] presented a sériés of 14 patients with 
angioblastomas with a male prédominance of 11:3 
and a médian follow up of 47 months; 6 patients were 
affected by VHL and 13 had intramedullary tumors. 
They concluded that patients undergoing a complété 
resection had a better postoperative neurological State 
compared to incompletely removed tumors and em- 
phasized the benefit of preoperative embolization to 
achieve complété resections. 

In conclusion, intramedullary angioblastomas are 
not only completely resectable, but are also associated 
with the lowest surgical morbidity and the best neu¬ 
rological outcome among ail intramedullary tumors. 
Therefore, the radiological diagnosis of an angioblas- 
toma should lead to surgery as soon as symptoms 
hâve developed or repeated MRI scans hâve demon- 
strated tumor growth or progression of an associated 
syrinx [336]. 

In patients with VHL, the extraspinal affections 
of this syndrome ultimately détermine the patient’s 
fate [202], apart from multiple tumors requiring a 
sériés of operations over time. Such manifestations 
caused death in two of our VHL patients. As rénal cell 
carcinomas and other neoplasms may occur in these 


patients, regular check-ups with ultrasound examina¬ 
tions of the abdomen are mandatory [78, 221, 237], 
The médian expected survival for VHL patients has 
been calculated at 49 years, with rénal cell carcino¬ 
mas as the commonest cause of death [202], 


3.5.4 

Hamartomas 

We hâve observed four dermoid cysts, four lipomas, 
and one patient with a combination of both in this 
category of intramedullary tumors. Whereas hamar¬ 
tomas are not tumors in a strict sense - they do not 
contain proliferating cells - they are space occupying 
and displace spinal cord tissue. Quite regularly, they 
are not completely surrounded by cord substance and 
protrude out of the cord. The overwhelming majority 
of spinal hamartomas are located extramedullarly. 
We hâve only classified them as intramedullary if the 
major component of the lésion was embedded inside 
the spinal cord. Therefore, a more detailed discussion 
is provided in the section on extramedullary tumors. 
Among intramedullary hamartomas, one dermoid 
cyst and four lipomas were associated with a tethered- 
cord syndrome. 

3.5.4.1 
Lipomas 

Lipomas may display an increasing size with time due 
to hypertrophy of the lipomatous tissue whenever 
there are changes of body fat in general. In other 
words, it may be possible to reduce the size of a lipoma 
by instigating a low-fat diet and weight réduction [79], 
They hâve also been shown to increase during steroid 
therapy [2], 
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Table 3.27. OverView ofpatients with intramedullary hamartomas 


Sex 

Age 

(years) 

Level 

Type 

History 

(months) 

Symptoms 

Surgery 

Outcome 

M 

32 

L1 

TCS 

L 

36 

Hypesth., Sphincter 

Dec. 

Duraplasty 

Unchanged 
No Rec. 

9 months 

F 

42 

C7-Thl 

L 

48 

Hypesth., Gait, Dysesth., Pain, 
Motor, Sphincter 

Dec. 

Duraplasty 

Improved 

No Rec. 

7 months 

F 

29 

S1-S4 

TCS 

L 

72 

Hypesth., Gait, Pain, Motor, 
Sphincter 

Dec. 

Duraplasty 

Unchanged 
No Rec. 

52 months 

F 

31 

S1-S4 

TCS 

L 

9 

Hypesth., Gait, Motor, Sphincter 

Dec. 

Duraplasty 

Unchanged 
No Rec. 

6 months 

F 

42 

Ll-2 

TCS 

L+D 

120 

Hypesth., Gait, Dysesth., Pain, 
Motor, Sphincter 

D Compl. 

L Partial 
Duraplasty 

Improved 

No Rec. 

16 months 

F 

25 

L5-S1 

TCS 

D 

1 

Hypesth., Gait, Dysesth., Pain, 
Motor, Sphincter 

Subtotal 

Worse 

No Rec. 

182 months 

M 

29 

Thll-Ll 

D 

6 

Gait, Motor 

Subtotal 

Improved 

No Rec. 

3 months 

F 

32 

Th3-5 

D 

10 

Hypesth., Gait, Motor 

Dec. 

Duraplasty 

Improved 

No Rec. 

40 months 

F 

31 

Thll-Ll 

D 

9 

Hypesth., Gait, Pain, Motor 

Subtotal 

Improved 

No Rec. 


48 months 

Abbreviations: L = lipoma, D = dermoid cyst, TCS = tethered cord syndrome, Dec. = décompression, Compl. = complété resec- 


The preoperative history tends to be longer com- 
pared to other intramedullary entities [101, 188]. The 
five patients in this sériés presented after a history of 
57±42 months (range 9 months to 10 years) at a mean 
âge of 35±6 years (range 29-42 years) and were fol- 
lowed for 21±21 months (maximum 52 months). 
Symptoms were dominated either by pain (three pa¬ 
tients) or sphincter disturbances (two patients). One 
lipoma was encountered in the cervicothoracic junc- 
tion and the other four in the conus area (Table 3.27). 

Lipomas do not demonstrate a good dissection 
plane toward the spinal cord, similarly to an infiltrat- 
ing neoplasm. Therefore, a complété resection of an 
intramedullary lipoma is not recommended [73,167]. 
Décompression of the affected spinal segments is the 
procedure of choice (Figs. 3.51 and 3.80) [77,174], If at 
ail, partial resection of the extramedullary portion of 
the lipoma is ail that should be attempted (Fig. 3.80) 
[63,167]. 


Several authors recommend the use of carbon di- 
oxide lasers for removal of lipomas. This technique is 
reported to reduce blood loss during removal and to 
shorten the operation considerably [218, 347]. We 
hâve no expérience with this technique. 

We hâve removed one lipoma partially (Fig. 3.80) 
and decompressed the other four with a generous 
dura graft (Fig. 3.51). No postoperative neurologi- 
cal improvements should be expected for intrame¬ 
dullary lipomas [167]. Pain may be reduced, but oth- 
erwise no clinical change is the common outcome 
[188]. Among this sériés, two patients improved and 
three were left unchanged, with no subséquent récur¬ 
rences (Table 3.27). However, due to dysesthesia 
syndromes, three patients deteriorated, with two 
demonstrating a progressive myelopathy related to 
retethering. 
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Fig. 3.80. Sagittal (a) and axial (b) 
Tl-weighted MRI scans of an intra¬ 
medullary lipoma at L1 associated 
with a tethered cord syndrome in a 
32-year-old man with a 3-year history 
of sphincter problems. The postoperative 
Tl- (c) and T2-weighted (d) MRI scans 
show the desired resuit with a good 
décompression of the conus, release of 
the tethered cord, and no postoperative 
scar formation leading to retethering. 
However, the patient developed a 
disturbing dysesthesia syndrome 
4 months later 


3.5.4.2 

Dermoid Cysts 

With dermoid cysts the situation is different; they 
contain cells that produce some kind of gradually ac- 
cumulating product. This will increase the size of the 
cyst with the potential of progressive pressure on the 
spinal cord. The history is considerably shorter com- 
pared to lipomas - 29±51 months in this sériés, rang- 
ing from 1 month to 10 years. Even acute présenta¬ 
tions related to aseptie meningitis [65,296] or abscess 
formation [49] hâve been described. The average âge 
was 32±6 years (range 25-42 years), with pain in three 
patients and motor weakness in two patients as the 
major clinical problems (Table 3.27) [197]. 


The goal of treatment should be a radical excision. 
Unfortunately, the cyst wall may be extremely adhèr¬ 
ent to the cord substance, making it almost impossi¬ 
ble to achieve a complété resection without damaging 
the cord. Sharp dissection is often required (Figs. 3.50 
and 3.81). Furthermore, the cyst material may be very 
irritating for the arachnoid membrane, with a signifi- 
cant risk of aseptie meningitis, if the subarachnoid 
space becomes contaminated [197]. Therefore, we 
consider dermoid cysts to be one of the most difficult 
surgical challenges among intradural spinal patholo¬ 
gies. If a complété resection can be performed, the 
outcome will be favorable [30, 179], On the other 
hand, it may be wiser to leave part of the cyst wall in 
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Fig. 3.81. a Sagittal Tl-weighted 
MRI scan of an intramedullary der- 
moid cyst at L1-L2 and a tethered 
cord in a 42-year-old woman with a 
10-year history of pain and progres¬ 
sive paraparesis. The postoperative 
Tl-weighted image (b) demonstrates 
the resuit after partial resection of 
the cyst and release of the tethering. 
No duraplasty was inserted, but 
despite postoperative fixation of 
the conus to the dura, no progressive 
myelopathy developed 



place rather than to force the issue of radical excision 
(Figs. 3.50 and 3.81). After incomplète resections, ré¬ 
currence rates appear to be low [197]. We hâve resect- 
ed one dermoid cyst completely, performed subtotal 
resections in the other three instances, and a décom¬ 
pression in one patient. No récurrences were observed 
for these patients (Table 3.27). Again, two patients 
were affected by a dysesthesia syndrome, of which 
one progressed to a myelopathy associated with cord 
retethering. 


3.5.5 

Glioependymal Cysts 

Intramedullary glioependymal cysts are observed 
predominantly in the area of the conus medullaris 
(Figs. 3.82 and 3.83), but may occur anywhere in the 
spinal canal (Fig. 3.84) [279]. The cyst contains fluid 
that is similar to CSF [279]. Some authors hâve called 
these cysts terminal ventricles or considered them to 
be an isolated eccentric syrinx of the conus medul¬ 
laris. The majority of them are observed in adults, 
with most pédiatrie cases being asymptomatic [50], 
The differential diagnosis to cystic tumors can be 
made after gadolinium application. The wall of an ep- 
endymal cyst will not take up contrast [279, 313]. The 
distinction form syringomyelia, however, may pose 
some problems (Figs. 3.19-3.22). With cysts in the co¬ 
nus area that protrude out of the cord, the diagnosis 
of an ependymal cyst is quite easy (Fig. 3.18). Howev¬ 
er, at other spinal levels it may be not so obvious. The 


best guideline is the caliber and shape of the ependy¬ 
mal cyst. They cause significant and symmetric cord 
expansion at both ends whereas a syrinx tends to ta¬ 
per off gradually at either the caudal or cranial pôle. 
Furthermore, septations are not a feature of ependy¬ 
mal cysts [313]. 

As far as the pathophysiology of these cysts is con- 
cerned, no widely accepted theory exists. One case 
report dealt with an ependymal cyst and an associat¬ 
ed tethered cord - as in one of our patients (Fig. 3.82) 
- raising the question of a dysraphic background [12, 
50], Coleman et al. [50] examined 418 spinal MRI 
scans in children and young adults between 5 days 
and 20 years of âge and found 11 (2.6%) children un- 
der 5 years of âge with ovoid dilatations of the central 
canal in the conus medullaris; 53% of studied patients 
were older than 5 years and did not show such dilata¬ 
tions. They concluded that dilatations of the conus 
are a developmental phenomenon representing a nor¬ 
mal variant in young children. This theory, however, 
does not explain why some patients retain these dila¬ 
tations and become symptomatic. The theory favored 
by most authors explains these cyst as a resuit of pro- 
liferating ectopic ependymal cells [99]. 

The often eccentric position of symptomatic cysts 
in the conus area, the high pressure inside these cysts, 
and the lack of craniocaudal expansion with time 
suggest that ependymal cysts never had, or no longer 
hâve, a communication with the central canal, and 
that they do not communicate with the extracellular 
space of the spinal cord (Fig. 3.83). Unlike syringomy- 
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Fig. 3.82. ( Continuelï) Sagittal (a) and axial (b) T2-weighted 
MRI scans of an ependymal cyst at L1-L2 and an associated 
tethered cord in a 58-year-old woman with an 18-month 
history of progressive paraparesis and pain, but preserved 
sphincter functions. c This intraoperative view was taken 
after dura opening and demonstrates slight arachnoid adhe¬ 
sions and thickening. d After arachnoid opening, the cyst 
was almost visible through the pia mater and thinned out 
posterior tracts in the midline ( arrowhead ). e The thickened 
filum terminale is displayed and clearly distinguishable by its 
brighter color compared to neighboring nerve roots. 

The filum was then isolated (f), coagulated, and eut (g) to 
untether the cord. h Finally, the ependymal cyst was opened 
in the midline. A wide fenestration was not performed to 
avoid damage to white matter tracts. Postoperatively, the 
patient showed improvement of walking, sensory distur¬ 
bances, and pain 




Fig. 3.83. Sagittal Tl- (a) and T2-weighted (b), and axial Tl- 
weighted (c) MRI scans of an ependymal cyst of the conus at 
Thll-Thl2 in a 66-year-old woman with a 7-year history of a 
progressive quadriceps paresis on the right side. Note the ec- 
centric position of the cyst in the sagittal and axial plane and 
the significant space-occupying effect. d This intraoperative 


view, taken after dura opening, demonstrates a completely 
normal, translucent arachnoid membrane, and an anticlock- 
wise rotation of the conus due to the cyst. e Mobilizing the 
right-sided roots with a dissector exposed the cyst wall. ( Con¬ 
tinuation see nextpage) 
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Fig. 3.83. ( Continuelï) f Slight further rotation of the conus 
provided access to the anterior cyst wall, which was trans- 
lucent and covered by the pia mater. There were no nervous 
structures in this part of the cyst wall. With wide fenestration 


of the cyst wall (g), the cyst collapsed (h). The postoperative 
sagittal (i) and axial (j) Tl-weighted scans demonstrate a good 
décompression of the conus. The paresis improved postopera- 
tively. No récurrence has occurred within 3 years 
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Fig. 3.84. Sagittal Tl- (a) and T2-weighted (b), and axial T2- 
weighted (c) MRI scans of an ependymal cyst at C6-C7 in a 51- 
year-old woman with a 4-month history of pain and dysesthe- 
sias in her left arm. d This intraoperative view, taken with the 
patient in the semisitting position after dura and arachnoid 


membrane opening, displays a swollen cord with diminished 
vascularization of the posterior cord surface. The pia appears 
translucent in the midline. The cyst was opened in the midline 
(e), after which it collapsed (f). (Continuation see nextpage ) 


elia, ependymal cysts are not related to disturbances 
of CSF flow, so a different mechanism must be oper- 
ating, which still needs to be elucidated. 

The cysts are lined with collagenous tissue and cu- 
boidal cells with no separate basement membrane [12, 
92,99,147,180, 279, 307]. The literature provides case 
reports or small sériés of patients. The recommended 
treatment is either drainage [279, 286, 320] or partial 
resection of the cyst wall [12, 92, 147, 180, 238, 279] 
with good results for both techniques. Sharma et al. 


[307] excised the cyst wall completely at Th4/5 in a 
7-year-old child with progressive paraparesis and ob- 
served a good postoperative recovery. 

We hâve encountered seven patients with ependy¬ 
mal cysts. Ail but two were located in the conus, with 
one patient demonstrating an additional tethered 
cord. Patients presented at an average âge of 51±9 years 
after a history of 31±30months (range 2weeks to 
7 years). They were followed for 43±57 months (maxi¬ 
mum 10 years; Table 3.28). Pain was the most promi- 
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Table 3.28. OverView of patients with intramedullary ependymal cysts 


1 Sex 

Age 

(years) 

Level 

History 

(months) 

Symptoms 

Surgery 

Outcome j 

M 

44 

C2-C6 

48 

Hypesth., Dysesth., Pain, Motor, Sphincter 

Drainage 

Improved 

No Rec. 

118 months 

F 

52 

Thll-12 

12 

Pain 

Cystostomy 

Duraplasty 

Unchanged 

No Rec. 

17 months 

F 

45 

Thll-12 

48 

Hypesth., Gait, Dysesth., Pain, Motor, 
Sphincter 

Cystostomy 

Duraplasty 

Unchanged 

Rec. 

60 months 

F 

66 

Thll-12 

84 

Gait, Motor 

Fenestr. 

Improved 

No Rec. 

32 months 

F 

58 

Thll-Ll 

TCS 

18 

Hypesth., Gait, Dysesth., Pain, Motor 

Cystostomy 

Duraplasty 

Improved 

Lost to follow up 

F 

51 

C5-Thl 

4 

Hypesth., Pain 

Cystostomy 

Duraplasty 

Improved 

No Rec. 

4 months 

F 

41 

Thl2-Ll 

0.5 

Gait, Pain 

Fenestr. 

Unchanged 


Lost to follow up 


Abbreviation: Fenestr. = fenestration 
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nent clinical problem [99], with four patients develop- 
ing motor déficits. 

According to our expérience with syringomyelia, 
we hâve been reluctant to place shunts in these cysts. 
Only one patient underwent cyst shunting to the sub- 
arachnoid space with a good clinical and radiological 
resuit. Whenever the cyst wall had displaced the cord 
to a degree that only the pia mater covered the cyst 
lining, wide fenestrations were performed (Fig. 3.83) 
[99]. In ail other instances, we hâve opened the cyst in 
the midline and then decompressed the subarachnoid 
space with a generous dura graft (Figs. 3.82 and 3.84). 
One récurrence was observed among this latter group 
with postoperative improvements reported by four 
patients and unchanged situations by three patients. 

3.5.6 

Cavernomas 

Intramedullary cavernomas are rare pathologies and 
represented 3% of our intramedullary pathologies 
[69], On even rarer occasions they may be associated 
with familial multiple cavernomas of the central ner- 
vous System (Fig. 3.85) [69,187], Despite being so rare, 
this entity has attracted a considérable number of 
publications [1, 32, 34, 61, 69, 70, 109, 216, 219, 244, 
246, 293, 308, 315, 337, 354], The majority of patients 
are women [32, 61, 244], 


The preoperative clinical course tends to be char- 
acterized by a stepwise neurological progression due 
to repeated hemorrhages [34, 61, 69, 109, 219, 244, 
288,354], Years may go by between such phases of dé¬ 
térioration [246]. Other patients présent a slowly dete- 
riorating course due to smaller hemorrhages and in- 
creasing gliosis [34,61,69,244, 246] or an acute onset 
of symptoms associated with major bleedings [32, 69, 
70,244,246], Pédiatrie patients tend to présent acute- 
ly more often than adult patients [70]. Pain and sen- 
sory problems usually predominate the clinical pic- 
ture [32, 109], but acute paraplegias due to massive 
hemorrhages are described [123], Patients hâve also 
been described with subarachnoid hemorrhages [205] 
and large intramedullary bleedings causing hemato- 
myelia [235]. 

A controversial discussion centers around the 
question of what to recommend for incidentally dis- 
covered intramedullary cavernomas. Cantore et al. 
[34] and Cristante and Hermann [61] recommend ob¬ 
servation of such patients. Ojemann et al. [246] sug- 
gest removal of incidentally found intramedullary 
cavernomas if they are located posteriorly (i.e., in a 
favorable position for resection). The risk of hemor- 
rhage is thought to be about 1.6% per year [32], San- 
dalcioglu et al. [288] calculated a higher bleeding rate 
of 4.5% per patient year and a rebleeding rate of 66% 
per patient year in those with a previous hemorrhage, 



Fig. 3.85. These T2-weighted MRI scans of the thoracic cord 
(a), cerebrum (b), and cerebellum (c) demonstrate multiple 
cavernomas in a father of a boy with a cavernoma of the third 
ventricle. The father complained of minor headaches but no 


neurological symptoms. Given the pathology of his son, he had 
asked for this MRI scan. No recommendation for surgery has 
been given so far because of the small sizes of the lésions 
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Table 3.29. OverView ofpatients with intramedullary cavernomas 


1 Sex 

Age 

(years) 

Level 

History 

(months) 

Symptoms 

Surgery 

Outcome j 

F 

43 

Th7-9 

4 

Hypesth., Gait, Dysesth., Pain, Motor, 
Sphincter 

Complété 

Unchanged 

No Rec. 

54 months 

M 

57 

Th3 

16 

Hypesth., Gait, Dysesth., Pain, Motor, 
Sphincter 

Complété 

Improved 

No Rec. 

18 months 

M 

22 

Th7-8 

0.1 

Hypesth., Gait, Dysesth., Pain, Motor, 
Sphincter 

Subtotal 

Improved 

Lost to follow up 

F 

59 

Th3 

12 

Hypesth., Gait, Dysesth., Pain, Motor, 
Sphincter 

Complété 

Improved 

No Rec. 

58 months 

F 

38 

Th6 

120 

Hypesth., Gait, Dysesth., Pain, Motor 

Complété 

Improved 

No Rec. 

4 months 

F 

51 

C2 

1 

Dysesth., Pain 

Complété 

Improved 


No Rec. 

3 months 


according to their expérience with ten patients. Cer¬ 
vical cavernomas are considered especially prone to 
clinical détérioration [32, 69], Given the enormous 
conséquences of a significant intramedullary hemor- 
rhage and the low surgical morbidity, we would agréé 
with Ojemann’s view and recommend resection of ail 
symptomatic intramedullary cavernomas and those 
asymptomatic ones that are located posteriorly [246]. 

Postoperative results for cavernomas are gratify- 
ing. Almost ail can be resected completely, and a con¬ 
sidérable proportion of patients can be expected to 
improve clinically (Fig. 3.52) [1, 34, 61, 109, 288, 293, 
315], 

We observed four female and two male patients. 
Ail but one cervical cavernoma were located in the 
thoracic cord. Except for the cervical cavernoma, 
these patients were admitted with significant neuro- 
logical déficits: four patients had significant motor 
déficits, of which two were unable to walk, and four 
patients had significant sphincter problems. Ail but 
one cavernoma could be removed completely. Five pa¬ 
tients in our sériés improved postoperatively, while 
the other remained stable. There was no récurrence or 
morbidity of late onset among this group of patients 
(Table 3.29). These numbers certainly support our 
view to operate these lésions before severe déficits 
hâve developed. 


3.5.7 

Métastasés 

Intramedullary métastasés are rare complications of 
cancerous diseases. In the literature, case reports pre- 
dominate for this topic. In a recent review, Kalayci et 
al. [159] evaluated 284 patients reported in the Eng- 
lish literature. Of these, just 32 had been treated sur- 
gically. Prior to MRI, such lésions were usually diag- 
nosed at autopsy [53, 110], Miller and McCutcheon 
[223] gave a figure of 24% for cérébral métastasés 
among autopsied cancer patients, compared to 0.014% 
with intramedullary métastasés. In a survey of 627 
patients with cancerous disease by Costigan and 
Winkelman [59], 153 patients showed métastasés to 
the central nervous System. Among these, 13 patients 
harbored an intramedullary metastasis (i.e., 2.1% of 
ail cancer patients and 8.5% of those with central ner¬ 
vous System involvement). Just 4 of these 13 patients 
showed clinical evidence of a myelopathy [59]. Intra¬ 
medullary métastasés indicate an end stage of the dis¬ 
ease [114,177]. In their literature review, Kalayci et al. 
[159] found other métastasés in 55% of these patients, 
with 41% also demonstratingbrain métastasés. There- 
fore, surgery should not be generally recommended, 
even though longer survival has been claimed for pa¬ 
tients undergoing surgery [159], 

Intramedullary métastasés are the resuit of hema- 
togenous spread [59,119,155, 328], On rare occasions, 
multiple intramedullary métastasés hâve been report¬ 
ed (Fig. 3.86) [159], Leptomeningeal dissémination is 
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exceptional [59,154,262, 328]. Lung (Fig. 3.87) [8,42, 
59, 71, 87, 90, 103, 146, 159, 166] and breast carcino- 
mas [22, 41, 155, 177, 182, 184, 321] are the common- 
est primary tumors [114, 225], but others hâve also 



Fig. 3.86. Sagittal, contrast-enhanced Tl-weighted image of 
multiple thoracic intramedullary métastasés of a bronchial 
carcinoma in a 54-year-old patient. Due to the small size of the 
tumor and the terminal stage of his disease, no surgery was 
recommended. 


been reported [7,114,126,127,143,154, 201, 212, 287, 
299, 329, 330, 349], 

Most patients are in a much reduced general health 
status with a history of rapid neurological détériora¬ 
tion [114,143,177, 298, 303, 331, 339]. However, as in¬ 
tramedullary métastasés are very rare, the diagnosis 
is often only made at surgery [186, 270]. 

We observed four intramedullary métastasés orig- 
inating from a bronchial carcinoma in two patients 
(Figs. 3.86 and 3.87) and from hypernephroma and 
urothel carcinoma in the other two patients. The pa¬ 
tients’ âges varied between 60 and 71 years. There 
were one cervical, one cervicothoracic, and two tho¬ 
racic métastasés. The history was short, and varied 
between 1 week and 5 months. Ail presented with a 
severe paraparesis unable to walk. The patient with 
kidney metastasis underwent a complété resection of 
the intramedullary metastasis, improved neurologi- 
cally, and died 5 months after surgery. Two métasta¬ 
sés were resected partially and one only decom- 
pressed. None of these three benefitted from surgery 
and died within 1 month. Similar results are reported 
in the literature in terms of survival, with the major- 
ity of patients dying within 6 months after operation 
[43, 53, 114, 177, 298, 328], In their literature survey 
analyzing 44 sufficiently documented cases, Kalayci 
et al. [159] calculated that conservative treatment led 
to improvement in 50% of cases, while 28% were un- 
changed and 22% deteriorated further. After surgery, 




Fig. 3.87. Sagittal (a) and axial (b) Tl-weighted MRI scans 
of a large intramedullary metastasis at C5-Th2 in a 71-year- 
old patient with a bronchial carcinoma and a 2-week history 
of progressive paraparesis. No other métastasés were présent 
at this stage, so surgery was offered to decompress the spinal 
cord. Postoperatively, the patient deteriorated further and 
died 1 week later 
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77% improved and 23% were left unchanged. Consid- 
ering, that surgery was probably offered for patients 
who were in a better condition, it is our opinion that 
these numbers do not substantiate their conclusion 
that surgery should be more widely recommended for 
these patients. 

In cancer patients, the differential diagnosis in- 
cludes paraneoplastic myelopathies, radiation my- 
elopathy, and chemotherapy-induced myelopathy [44, 
172, 206, 343]. The distinguishing feature may be the 


rapidly deteriorating symptoms accompanied by pain 
[343], Intramedullary métastasés may even be accom¬ 
panied by a syrinx [100, 166, 262] or intramedullary 
hemorrhages [192], 

Given the limited life expectancy of these patients, 
surgery should be undertaken only in selected pa¬ 
tients who are in comparably good clinical condition, 
without disseminated disease, and with progressive 
neurological déficits [87, 91, 126, 143, 186], Attempts 
at radical resection are not warranted. We rather rec- 




Fig. 3.88. Preoperative (a) and postoperative (b), 
contrast-enhanced Tl-weighted MRI scans of a melano- 
cytoma at Th3-Th7 in a 23-year-old woman with a 
15-month history of pain and progressive paraparesis. 
After partial resection of this infiltrative tumor, the 
patient recovered her functions. A récurrence occurred 
after 7 months, finally leading to a second operation and 
postoperative paraplegia. After an intramedullary hemor- 
rhage of the tumor and a third operation, at which time 
the hematoma was evacuated and multiple tumor nodules 
along pia mater and arachnoid were noted, the patient 
finally died 54 months after the first operation due to 
subarachnoid dissémination of the tumor (c, d) 
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ommend concentrating on decompressing the spinal 
cord with moderate debulking of the tumor and in¬ 
sertion of a duraplasty, followed by postoperative ir¬ 
radiation or chemotherapy if applicable [120], Alter- 
natively, radiotherapy and corticosteroid médication 
[41,103,114,166,298,330,339,343], or chemotherapy 
[90, 349] hâve been reported to benefit patients with 
intramedullary métastasés. 

3 . 5.8 

Melanocytomas 

Intramedullary melanocytomas are extremely rare. 
They hâve to be differentiated from melanomas and 
melanoma métastasés. Glick et al. [106] published a 
sériés of seven patients. They performed detailed 
pathological examinations and concluded that mela¬ 
nocytomas lack anaplastic features but demonstrate 
local aggressive behavior. 

On the other hand, two case reports of patients 
with melanocytomas hâve been published with rather 
rapid neurological progression and death. Barth et al. 
[16] reported on a primary intramedullary melanocy- 
toma of the thoracic cord in a 49-year-old woman. 
The tumor was resected twice and disseminated to 
the sacral as well as intracranial subarachnoid space. 
The patient died 4 years after the diagnosis had been 
established. Takenaka et al. [326] reported on a mela- 
nocytoma of the medulla oblongata. The patient died 
7 months after surgery. 

We hâve seen two female patients with thoracic 
melanocytomas with completely different outcomes. 
One 23-year-old female patient presented with a 15- 
month history of a moderate paraparesis. She under- 
went two incomplète tumor resections in 2 years with 
complété paraplegia and postoperative radiotherapy 
after the second operation. She progressed further 
and presented 3 years after the initial diagnosis with a 
massive intramedullary hemorrhage and increasing 
tetraparesis requiring a third operation with évacua¬ 
tion of the hematoma. After that operation, her upper 
extremity function improved again but she developed 
subarachnoid dissémination with intracranial seed- 
ing and died 54 months after the first operation 
(Fig. 3.88). 

The other 62-year-old female patient demonstrated 
a 3-month history of increasing paraparesis due to a 
tumor at Thl0-T12. She underwent a subtotal resec¬ 
tion and recovered significantly after this operation. 
Despite incomplète resection, she received no adju¬ 
vant postoperative therapy but is free of tumor re- 
growth for 93 months. 


3 . 5.9 

Gangliogliomas 

Gangliogliomas are rare intramedullary tumors. We 
hâve encountered two such patients: one 4-year-old 
boy showed a tumor at Th2-T5 that was resected sub- 
totally, while the cervical tumor at C5/6 in a 27-year- 
old woman could be removed completely (Fig. 3.89) 
with excellent outcomes in both patients. 

Gangliogliomas hâve been reported in pédiatrie 
sériés of intramedullary tumors, while adult patients 
are usually affected at a comparably young âge [131, 
153,250,253, 340], Constantini et al. [54] found them 
in 8 out of 23 children under the âge of 3 years. Of 
these, two patients demonstrated a récurrence after 
surgery. Epstein et al. [84] found them in 3 out of 25 
adult patients with intramedullary tumors. In later 
publications, this group described the radiological 
features in 27 patients [253] and treatment results for 
56 patients [153], These tumors may extend over sev- 
eral spinal segments, contain cysts, and display mixed 
signal intensities on Tl-weighted MRI scans [153, 
223]. They show a patchy enhancement with gado¬ 
linium and enhancement of the spinal cord surface 
[173, 253]. 

The great majority can be resected completely as 
demonstrated by Jallo et al. [153] with 46 completely 
and 12 subtotally removed tumors. Patients had pre¬ 
sented at an average âge of 6 years (range: 7 months to 
25 years). The commonest presenting symptoms were 
paraparesis and pain. There were 8 tumors of the cer- 
vicomedullary junction, 7 cervical, 21 cervicothorac- 
ic, 16 thoracic, and 4 conus tumors in this sériés. The 
long-term outlook after complété resections is excel¬ 
lent, with 72% of patients reporting improved or un- 
changed neurological function and a 5-year progres- 
sion-free survival of 67%. The 5- and 10-year survival 
rates were 88% and 77%, respectively. Radiotherapy 
appeared to be unnecessary [153,223]. 

Good results with complété surgical removal hâve 
also been claimed by Park et al. [250], whereas incom¬ 
plète resections were followed by a high récurrence 
rate. Even leptomeningeal dissémination has been re¬ 
ported with gangliogliomas [18]. Apart from these 
sériés, case reports on gangliogliomas hâve been pub¬ 
lished [160, 340], 
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Fig. 3.89. Sagittal (a) and axial (b) T2-weighted MRI scans of 
a ganglioglioma at C5/6 in a 27-year-old woman with a 10-year 
history of pain, dysesthesias, and sensory disturbances of her 
right arm (see also Fig. 3.16). c This intraoperative view, taken 
with the patient in the semisitting position after dura and arach- 
noid membrane opening, shows a normal appearing cord. d The 
cord was opened at the dorsal root entry zone on the right side. 
e The tumor could be bluntly dissected out in toto. f This view 
demonstrates the tumor bed after complété resection. The post- 
operative sagittal (g) and axial (h) Tl-weighted images show 
the spinal cord defect after resection. The patients condition 
remained unchanged with no récurrence in 8 years 
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Fig. 3.90. Sagittal T2-weighted (a) and Tl-weighted MRI 
scans without (b) and with contrast (c) of a schwannoma at 
Thll in a 28-year-old woman with a 6-month history of weak- 
ness in her right leg and slight sphincter disturbances, d-f This 
sériés of axial, contrast-enhanced Tl-weighted scans displays 
the relationship between a tumor and the spinal cord, and 
its lobulated shape. g The intraoperative view after dura and 
arachnoid opening displays the tumor with a close relationship 
to the conus on the right side. (Continuation see nextpage ) 
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Fig. 3.90. ( Continued ) h After incision of the tumor capsule, 
tumor removal could be started. i-k With stepwise debulk- 
ing of the tumor, décompression was achieved and the cap¬ 
sule could finally be grasped with forceps and dissected (I). 
m With complété resection of the capsule, the considérable 
intramedullary extension of this tumor became apparent. The 


postoperative Tl- (n, p) and T2-weighted (o) MRI scans dem- 
onstrate a complété resection and a defect in the spinal cord 
representing the former tumor bed. The patient recovered her 
neurological function within 3 months and has been free of a 
récurrence for 1 year 
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3 . 5.10 

Schwannomas 

Intramedullary schwannomas resemble an even rarer 
entity. In the literature, a number of case reports hâve 
been published [33, 95, 138, 150, 191, 209, 220, 240, 
248, 249]. These tumors hâve grown into the spinal 
cord originating from a nerve root right at the entry 
zone. We hâve seen one such tumor in a 28-year-old 
woman with a 6-year history of slightly progressive 
gait ataxia. She demonstrated a contrast-enhancing 
tumor above the conus at Thll. At surgery, more than 
half of this tumor was deeply embedded inside the 
thoracic cord and had to be dissected out of a slightly 
gliotic tumor bed to achieve a complété resection. 
Postoperatively, the patient recovered after a short pe- 
riod of détérioration and finally improved her condi¬ 
tion compared to the preoperative status (Fig. 3.90). 


3.6 

Conclusions 

We conclude that intramedullary tumors should be 
operated on as soon as neurological symptoms hâve 
appeared. Waiting for further neurological progres¬ 
sion raises the risk of surgery dramatically. 

If a syrinx accompanies the tumor, this should be 
interpreted as a favorable prognostic sign as it indi- 
cates a displacing rather than infiltrating tumor, and 
thus suggests its resectability. It is sufficient to oper- 
ate on the solid tumor part. The accompanying syrinx 
will decrease automatically if the tumor has been re- 
moved. 

Complété tumor removal should be attempted ir¬ 
respective of the tumor appearance on preoperative 
MRI. Tumors well defined on MRI may show no reli- 
able dissection planes intraoperatively and vice versa. 
On the other hand, complété resections should not be 
attempted at any cost. The long-term resuit does not 
always dépend on the amount of resection. 

To minimize the risk of postoperative tethering, 
which may cause considérable morbidity, we suggest 
closing the pia with sutures after complété tumor re¬ 
sections and to decompress the subarachnoid space 
with a Gore-Tex® durai graft. 

Finally, and most importantly, no group of tumors 
described in this book requires as much expérience to 
achieve the modem standard of therapy (i.e., complété 
or subtotal resection with préservation of preopera¬ 
tive function). Therefore, we urge that these patients 
be transferred to neurosurgeons experienced with 
their treatment. In return, these colleagues hâve an 
obligation to train surgeons who wish to operate on 
these challenging tumors. 
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Extramedullary tumors account for 51% of the spinal 
tumors in our sériés. The great majority are strictly 
intradural (84%), while the remainder extend into ex¬ 
tradural compartments to varying degrees - some 
even with considérable extraspinal components. Even 
though extramedullary tumors are much more com- 
mon than intramedullary neoplasms, they feature 
less in publications or scientific meetings. In this 
chapter we will first describe the clinical symptoms of 
extramedullary tumors and the typical clinical his- 


Table 4.1. Histology of extramedullary intradural tumors 


1 Type of tumor 

Number 1 

Meningioma 

166 

Nerve sheath tumor 

158 

Arachnoid cyst 

35 

Hamartoma 

29 

Ependymoma 

26 

Neuroblastoma 

12 

Metastasis 

10 

Melanocytoma 

8 

Malignant teratoma 

6 

Chordoma 

5 

Angioblastoma 

4 

Cavernoma 

2 

Medulloblastoma 

2 

Germinoma 

1 

Hemangiopericytoma 

1 

Exophytic astrocytoma 

1 

Total 

466 
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Table 4.2. Histology of extramedullary intradural tumors 
with extradural extension 



Nerve Sheath tumor 

67 

Meningioma 

14 

Hamartoma 

4 

Sarcoma 

2 

Total 

87 


tory on the basis of 553 tumors operated in our clinic. 
Of these, 466 were intradural, while 87 originated in- 
tradurally and demonstrated extradural extension 
(Tables 4.1 and 4.2). We will then continue with their 
neuroradiological features, followed by a description 
of surgical techniques, and finally a detailed analysis 
of postoperative results and outcomes. 


4.1 

History and Diagnosis 

Most patients follow a rather typical clinical course, 
with pain of varying character at the beginning, fol¬ 
lowed by radicular symptoms, and finally a progres¬ 
sive myelopathy. The latter may start just on one side 
- a Brown-Sequard syndrome - before bilateral signs 
appear. Usually this course is slowly progressive; how- 
ever, rapid détériorations do occur and may be caused 
by intratumoral hemorrhages or vascular compres¬ 
sion of spinal cord vessels. Therefore, the diagnosis of 
an extramedullary tumor should lead to surgery with- 
out much delay. Acute détériorations may be provoked 
by lumbar punctures. The sudden pressure decrease 
associated with loss of cerebrospinal fluid (CSF) is 
particularly dangerous. Therefore, lumbar punctures 
or myelograms are contraindicated if an extramedul¬ 
lary tumor is suspected. 

Extramedullary tumors were evenly spread along 
the spinal axis in our sériés, with 26% in the cervical, 
47% in the thoracic, 23% in the lumbar, and the re- 
maining 4% in the sacral spine. There was, however, a 
significant différence between intradural tumors and 
those with extradural extension. The latter were more 
common in the cervical (51% vs. 22%), but less fre- 
quently found in the thoracic (34% vs. 48%) and lum¬ 
bar spine (10% vs. 25%), and in equal proportions in 
the sacrum (5% vs. 4%) (chi-square test: p<0.0001). 

Of patients with extramedullary tumors, 51% re- 
ported pain as their first symptom. The second com- 
monest symptom was gait ataxia (seen in 18% of our 


Table 4.3. Initial symptoms for extramedullary tumors 



Pain 

51% 

53% 

51% 

Gait ataxia 

18% 

19% 

18% 

Motor weakness 

13% 

7% 

12% 

Sensory déficits 

8% 

9% 

8% 

Dysesthesias 

8% 

11% 

8% 

Sphincter problems 

2% 

2% 

2% 

Abbreviations: Intra 

= intradural, 

Intra-Extra 

= intradural 

with extradural extension 




Table 4.4. Symptoms for extramedullary tumors at presenta- 


Pain 

77% 

80% 

77% 

Gait ataxia 

71% 

66% 

70% 

Motor weakness 

70% 

70% 

70% 

Sensory déficits 

76% 

82% 

77% 

Dysesthesias 

43% 

43% 

43% 

Sphincter problems 

40% 

30% 

38% 


patients). The remaining patients described motor 
weakness (12%), sensory déficits (8%), dysesthesias 
(8%), or sphincter problems (2%) as their first mani¬ 
festation. There were no différences between tumors 
with and without extradural extension in this respect 
(Table 4.3). One patient developed hydrocephalus as 
the first symptom. This is a rare complication of spi¬ 
nal tumors that has stimulated a number of publica¬ 
tions trying to explain this phenomenon [217, 280]. 
The most likely explanation is the blocking of spinal 
CSF résorption along nerve roots [280], 

On average, about 26±51 months elapsed between 
admission to hospital and diagnosis. One patient pre- 
sented a history of 34 years before being operated at 
the âge of 61 years. The average âge was 48±18 years 
on admission. The most distressing symptoms before 
surgery were pain (41%) and gait problems (41%), 
while 12% were most concerned about their motor 
déficit. Again, there was no différence between tu¬ 
mors with and without extradural extension. Table 4.4 
gives an overview of the clinical pictures of patients 
with extramedullary tumors at présentation. With 
extradural extensions, radicular rather than medul- 
lary symptoms are more common, depending on the 
size of intra- and extradural components. The average 
Karnofsky score on admission was 70±15. 
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4.2 

Neuroradiology 

In adult patients, intradural tumors are rarely détect¬ 
able on spinal X-rays. If the tumor has grown very 
slowly, the spinal canal may be widened and pedicles 


thinned out (Fig. 4.1). This phenomenon is particu- 
larly common in hamartomas (Fig. 4.2). Incomplète 
laminae (i.e., spina bifida) may be associated with in¬ 
tradural tumors (Figs. 4.2 and 4.3). With hamartomas 
related to split-cord malformations, dysplasias and 


Fig. 4.1. Native anterior-posterior 
X-ray (a) and sagittal Tl-weighted 
magnetic résonance imaging (MRI) 
scan (b) of a 21-year-old man with 
an extramedullary ependymoma at 
Thl2-L2 and a 10-year history of 
back pain. The absence of neurolo- 
gical déficits despite this long history 
and the considérable size of this 
tumor indicate a very slow growth 
and explain the thinning of pedicles 
in the thoracolumbar junction 



Fig. 4.2. Native anterior-posterior 
X-ray (a) and sagittal Tl-weighted 
MRI scan (b) of a 44-year-old patient 
with a 9-month history of back pain 
and a dermoid cyst at L2-L3 with an 
associated tethered cord. The L2 and 
L3 pedicles on the right side appear 
thinned 
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malformations of the vertébral body may be observed 
(Fig. 4.4). In the growing spine, deformities may de- 
velop whenever a tumor affects the spinal canal. De- 
pending on the âge of the child, deformities such as 
incomplète lamina or dysplastic changes of the verté¬ 
bral body and instabilities may be observed. Skeletal 
anomalies are described for phakomatoses associated 
with spinal tumors, such as neurofibromatosis (NF) 
[137]. In exceptional cases, calcifications of an extra¬ 


medullary tumor can be seen on X-ray or computed 
tomography (CT) scans (Fig. 4.5). With tumors grow¬ 
ing along the spinal nerve root, the foramen may be 
widened (Fig. 4.6) [257], 

A bone window CT is quite helpful for a detailed 
démonstration of the bony anatomy of the affected 
vertébral bodies, intervertébral joints, pedicles, and 
laminae. This can be very useful during operations 
for récurrent tumors, when épidural scar tissue may 




Fig. 4.4. These anterior-posterior (a) 
and latéral (b) X-rays demonstrate a 
complex vertébral anomaly associated 
with a split-cord malformation and an 
associated arteriovenous malforma- 
tionin a 46-year-old woman with 
an 18-month history of progressive 
paraparesis and pain. (Continuation 
see nextpage ) 
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render orientation difficult, tumors with extradural 
extension (Fig. 4.6), and for tumors associated with 
spinal dysraphism, such as a split-cord malformation 
(Fig. 4.4) [198], In such instances, bony landmarks are 
the best guides during surgery. In complex dysraphic 
malformations and tumors with significant extradu¬ 


ral extension, a three-dimensional reconstruction 
of CT images can be helpful (Fig. 4.7). However, 
such examinations do expose the patient to quite high 
doses of radiation. Therefore, they should be per- 
formed only if required, and be reserved for adult pa¬ 
tients. 
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Fig. 4.6. a Oblique X-ray of a 25-year-old patient with a 
dumbbell schwannoma of the left C7 nerve root expanding 
the left neuroforamen at C6/7. The sagittal (b) and axial (c) 
Tl-weighted MRI scans with contrast demonstrate the 
corresponding tumor. d This sagittal Tl-weighted scan 
shows a large schwannoma at C2-C3 in a 68-year-old woman. 
The coronal scans show the considérable intra- (e) and ex¬ 
tradural components. f The extradural portion grows around 
the vertébral artery, displacing the external carotid artery 
on the left side ( arrowhead ). (Continuation see nextpage) 
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Fig. 4.6. ( Continued) The axial MRI scan at C2 (g) demon- 
strates the relationship of the schwannoma to the left vertébral 
artery ( arrow ), whereas the CT scan in bone window technique 
(h)istheidealmodalityforvisualizingthealteredbonyanatomy. 
i This sagittal Tl-weighted, contrast-enhanced MRI scan 


shows a schwannoma at C1-C2 in a 64-year-old patient. 
The coronal (j) and axial (k) scans give the impression that 
the small intradural tumor part is an extension of a primarily 
extradural schwannoma, rather than the other way around 


Magnetic résonance imaging (MRI) is the diag¬ 
nostic procedure of choice for ail patients who can 
undergo this study. The examination has to demon- 
strate the tumor in at least two planes - sagittal and 
axial. Tl-weighted images without and with gadolini¬ 
um (contrast) enhancement are essential to demon- 
strate the exact position of the tumor and its topo- 
graphical relationship with the spinal cord. Contrast 
enhancement provides a due in terms of the vascular- 
ity of the process (Figs. 4.1, 4.5, and 4.6). To differen- 
tiate between intra- and extradural tumors, sagittal 
Tl- and T2-weighted images are recommended: on 


T2, the dura is clearly visible as a dark line, and can be 
easily distinguished from tumors, which are almost 
always hyperintense in this mode (Fig. 4.8 and 4.9); 
on Tl, the relationship between tumor and épidural 
fat can disclose the intra- or extradural position of a 
tumor (Fig. 4.8). Once again, the examination of 
thoracic tumors has to include a sagittal view of the 
neighboring spinal segment, so that the exact level of 
the tumor can be determined by counting from the 
top or bottom of the spine during surgery [257]. 

In tumors with extradural extension, the radio- 
logical examination has to demonstrate the intra- 
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Fig. 4.7. a Sagittal Tl-weighted MRI 
scan of a conus lipoma and tethered 
cord in a 33-year-old woman with a 
3-year history of progressive parapa- 
resis without pain. The correspond¬ 
is axial MRI and CT bone window 
images at L4 (b, c) and L5 (d, e) 
demonstrate the open laminae and the 
relationship between the lipoma, co¬ 
nus, and bony structures. The conus is 
attached to the right antérolatéral side 
of the lipoma (arrowheads in b and d). 
f A three-dimensional CT reconstruc¬ 
tion of the lumbosacral canal can be 
helpful for intraoperative orientation. 
The open laminae L4-S1 are depicted. 
The spinous process L3 has been digi- 
tally removed to better visualize the 
altered anatomy 
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Fig. 4.8. Sagittal Tl-weighted MRI scan with contrast of a 25-year-old woman with 
Hll neurofibromatosis type 2 (NF-2) and multiple spinal tumors. This image depicts an 

PH Y extradural schwannoma at Th5-Th6 and an intradural schwannoma at Th8-Th9. 

■ . The épidural fat helps to differentiate the relationships between these two 

KHr^r 1 tumors and the dura 

% 



Fig. 4.9. (Continuation see nextpage) 
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Fig. 4.9. ( Continued ) Sagittal Tl-weighted MRI scans with- 
out (a) and with contrast (b), and T2-weighted images (c) of a 
meningioma at C4-C5, a schwannoma of the cauda equina at 


L1 (d, e, f), and an ependymoma at L2 (g, h, i). Ail tumors are 
isodense on Tl, hyperdense on T2, and take up contrast 



Fig. 4.10. Sagittal Tl-weighted MRI scan with contrast of 
an en plaque growing meningioma at Th2-Th3 with a dura 
tail sign ( arrowheads ) in the cranial and caudal direction in a 
71-year-old man 


Fig. 4.11. Sagittal Tl-weighted MRI scan of a meningioma 
at C7-Thl in a 72-year-old woman. There is a hypodense rim 
demarcating the tumor from the cord ( arrowhead ). There 
were no adhesions between tumor and cord surface intra- 
operatively 


and extradural components of the tumor, their relation 
to neighboring structures such as the vertébral artery, 
and the altered bony anatomy. The ratio between intra- 
and extradural tumor extensions can vary markedly. A 
combination of MRI, CT, and conventional X-ray is 
recommended for these tumors (Figs. 4.6 and 4.7). 


The commonest extramedullary tumors - menin- 
giomas, schwannomas, and ependymomas - display 
almost identical signal characteristics: isodense on 
Tl-weighted images and hyperdense on T2-weighted 
images (Fig. 4.9) [257]. They are clearly demarcated 
toward the spinal cord and subarachnoid space, and 
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usually take up gadolinium homogeneously. Thus, 
they may be hard to differentiate on MRI. 

However, some distinguishing features may be ob- 
served: contrast enhancement of the neighboring 
dura may indicate a meningioma (Fig. 4.10), but this 
sign can be missing (Fig. 4.9). Furthermore, démon¬ 
stration of a hypointense rim around a meningioma 
on Tl-weighted images has been shown to indicate no 
adhesion of the tumor to the spinal cord surface 


(Fig. 4.11) [227]. Meningiomas may be highly vascu- 
larized (Fig. 4.12), giving the appearance of an angio- 
blastoma (Fig. 4.13). An enlarged neuroforamen may 
correspond to a nerve sheath tumor that has grown 
along the nerve root (Fig. 4.6). However, an épidural 
extension of an extramedullary tumor is not an exclu¬ 
sive feature of schwannomas: 20% of spinal meningi¬ 
omas in our sériés, for instance, also demonstrated an 
extradural component (Fig. 4.14). 
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Fig. 4.13. Sagittal Tl-weighted MRI scan with contrast (a) Again the engorged and dilated vessels next to this tumor in- 
and T2-weighted image (b) of an angioblastoma at Thll in dicate a highly vascularized lésion, as demonstrated on spinal 
a 33-year-old man with von-Hippel-Lindau disease (VHL). angiography (c). A second tumor is visible at L1 



Schwannomas lack durai signal changes, but may 
display variable signal intensities if they contain cys- 
tic components (Figs. 4.15 and 4.16). Cystic compo- 
nents may also be observed with ependymomas 
(Fig. 4.17), but are not a feature of meningiomas. 

Apart from small ependymomas in the cauda 
equina région (Fig. 4.9), some may grow to enormous 
sizes, filling out the entire lumbar and sacral sub- 
arachnoid space (Fig. 4.18). They may also be ob¬ 


served elsewhere in the spinal canal due to subarach- 
noid seeding from a lumbar (Figs. 4.18 and 4.19) or 
fourth-ventricle tumor. 

Spinal intradural lipomas do not usually display 
diagnostic difficulties due to their hyperintense sig¬ 
nal on Tl-weighted images, which demonstrate the 
exact limitations better than conventional T2-weight- 
ed images [141], The major task in preoperative diag- 
nosis is the localization of the conus and filum termi- 
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Fig. 4.15. Sagittal Tl-weighted 
MRI scan (a) and axial Tl-weighted 
image with contrast (b) of a cystic 
schwannoma at C6-C7 on the right 
side in a 47-year-old woman. The 
cyst wall is isodense and enhances 
contrast. The cyst content appears 
isodense to cerebrospinal fluid (CSF) 




Fig. 4.16 . Sagittal (a) and axial (b) Tl-weighted MRI with contrast and 
sagittal T2-weighted image (c) of a cystic schwannoma at Th2-Th3 in a 
31-year-old woman. Only part of the cyst wall takes up contrast. The cyst 
content is hyperdense compared to CSF on Tl and T2 





156 4 Extramedullary Tumors 




Fig. 4.18 . Sagittal Tl-weighted, contrast-enhanced MRI 
scans of the lumbar (a) and thoracic spine (b) of a 20-year- 
old patient with an 8-year history of pain and slight gait 
ataxia. The entire lumbosacral canal up to Thl2 is 
completely filled by an ependymoma of the filum terminale. 
The thoracic scan discloses further lésions due to subarach- 
noid seeding 
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Fig. 4.20. Sagittal Tl-weighted MRI scan (a) of a conus 
lipoma at L3-L5 in a 54-year-old woman. The lipoma 
appears as a characteristic hyperdense lésion attached to 
the conus posteriorly. The axial scans at L3 (b) and L3/4 (c) 
demonstrate the conus anterior to the lipoma (black arrow- 
head in b) and a small extradural component of the lipoma 
at L3/4 with the dura appearing as a dark band (white 
arrowheads in c) 


nale, the démonstration of extradural extensions of 
the lipoma, and additional spinal malformations 
(Figs. 4.20 and 4.21). 

Cystic extramedullary tumors may pose diagnos¬ 
tic problems unless the wall is thick and takes up con- 
trast, as in schwannomas (Figs. 4.15 and 4.16), epen- 
dymomas (Fig. 4.17), or dermoid cysts (Fig. 4.22) [66], 
With dysraphic cysts, the signal intensity of the cyst 
fluid is almost always different from that of CSF and 
hyperintense on T2-weighted images in most instanc¬ 


es. Dermoid cysts display variable signal characteris- 
tics related to the cyst content. As most of them con- 
tain some amount of fat or fatty fluid, they usually 
display a bright signal on Tl-weighted images 
(Fig. 4.22) [66, 176], The cyst wall may enhance with 
gadolinium. Most of them are located in the conus ré¬ 
gion, but other locations along the spinal cord up to 
the craniocervical junction are possible (Fig. 4.22). 

Neurenteric cysts may display a signal intensity 
identical or hyperintense to that of CSF. The cyst wall 
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Fig. 4.21. Sagittal (a) and axial (b) Tl-weighted MRI of a 
conus lipoma at L4-S1 in a 34-year-old man. This lipoma 
has rotated the conus anticlockwise (white arrowhead in 
b) and is extending into the subcutaneous tissue through a 
sacral dura and fascia defect (black arrowhead in a), c The 
CT scan also depicts the relationship between lipoma and 
conus (white arrowhead) 


Fig. 4.22. This sériés of images displays the different signal 
characteristics of dermoid cysts according to their respective 
contents. Sagittal (a) and axial (b) Tl-weighted MRI scans 
with contrast of a dermoid cyst at the conus at Thl2-Ll in a 
19-year-old man, sagittal Tl-weighted MRI scans without (c) 
and with contrast (d) of a dermoid cyst at Th4-Th5 in a 32- 


year-old woman, and sagittal (e) and axial (f) Tl-weighted 
scans without contrast of a dermoid cyst at C1-C2. Hyperin- 
tense areas are related to fat components. There were no other 
associated features of dysraphism such as a tethered cord or 
spina bifida in either of these patients 
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Fig. 4.22. 
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Fig. 4.23. Sagittal Tl- (a) and T2- 
weighted (b) MRI scans of a neuren- 
teric cyst at C4-C5 in a 44-year-old 
man. There is no contrast enhance- 
ment of the cyst wall. The cyst content 
appears hyperdense to CSF in both 
images, c This axial image displays 
a considérable ventral compression 
of the cord, which appears to be 
wrapped around this cyst 
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Fig. 4.24. Sagittal Tl-weighted MRI 
scan with contrast (a), and sagittal (b) 
and axial (c) T2-weighted images of 
a neuroepithelial cyst at C7-Thl in 
a 53-year-old patient. The signal 
characteristics are indistinguishable 
from a neurenteric cyst (see Fig. 4.23) 
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Fig. 4.25. Sagittal (a) and axial (b) T2-weighted MRI scan 
of an arachnoid cyst at Th3-Th7 in a 40-year-old woman 
with a 1-year history of back pain. These images demonstrate 
a considérable cord compression at Th3, but the cyst wall and 
its lower pôle are not visible. Cardiac gated cine MRI scans 
in systole (c) and diastole (d) show a flow disturbance at 
Th3 in the posterior subarachnoid space (black arrowhead 
in c and d) and loss of ventral flow signais between Th3 
and Th7 corresponding to the extent of the arachnoid cyst 
([white arrowheads in c and d) 
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Fig. 4.26. a This sagittal T2-weighted MRI scan shows small 
syrinx cavities above and below an arachnoid cyst at Th4-Th7 
in a 32-year-old woman with a 1-year history of pain and slight 
gait ataxia. The cyst wall is not détectable, nor is there a com¬ 
pressive effect on the cord. b The cardiac gated cine MRI im¬ 
age demonstrates the extent of the cyst due to its flow signais, 
which are different from those in the surrounding subarach- 
noid space throughout the cardiac cycle ( arrowheads) 


does not enhance with gadolinium [208]. Commonly 
they appear as lobulated, space-occupying lésions 
[25]. In most instances, the cyst wall tends to be thick- 
er and is visible on standard MRI scans. Typically, 
neurenteric cysts lie anterior or antérolatéral to the 
spinal cord (Fig. 4.23) [12, 25, 66], except for cysts at 
the conus medullaris, which may be located posteri- 
orly [208], As neurenteric cysts are related to split- 
cord malformations, corresponding malformations 


of the vertébral body may be observed. Neuroepithe- 
lial cysts show identical signal characteristics to neur¬ 
enteric cysts (Fig. 4.24). 

Arachnoid cysts may extend over several spinal 
segments. Not ail cysts will cause such a significant 
compression of the cord that they can be easily de- 
tected (Fig. 4.25). Cyst walls may be quite thin and 
move slightly with the pulsatile motion of CSF so that 
standard MRI images cannot pick them up [66], The 
cyst content of arachnoid cysts is indistinguishable 
from CSF (Figs. 4.25 and 4.26). In such instances, car¬ 
diac gated cine MRI is a very sensitive method as the 
cyst will cause some degree of CSF flow obstruction 
or turbulence, which may provide indirect evidence 
of its extension (Figs. 4.25 and 4.26) [275], If in doubt, 
myelography and postmyelographic CT are still use- 
ful for this pathology, especially using delayed scans 
for CT (Fig. 4.27) [133], However, a négative myelo- 
gram does not rule out an arachnoid cyst! 

Rare extramedullary pathologies such as métasta¬ 
sés (Fig. 4.28), melanocytomas (Fig. 4.29), or metasta- 
sized chordomas (Fig. 4.30) display similar signal 
characteristics to more common pathologies such as 
schwannomas and meningiomas. They ail enhance 
brightly with contrast and show a sharp démarcation 
toward the spinal cord. Unless a spécifie clinical his¬ 
tory points to a particular pathology, the correct diag- 
nosis is usually not suspected before surgery. 

Unlike inflammatory and demyelinating diseases, 
which can appear on MRI like an intramedullary tu- 
mor, there is almost no pathology that could be mis- 
taken for an intradural extramedullary tumor. Only 
one such case was encountered in our sériés, with a 
woman who presented with pain, sensory and motor 
disturbances, and an extramedullary lésion, who was 
operated with the preoperative assumption of a tumor 
but turned out to be a spinal subdural hematoma 
(Fig. 4.31). 
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Fig. 4.27. Sagittal Tl- (a) and T2-weighted (b) MRI scans of a 
54-year-old man who was treated with a syringosubarachnoid 
shunt for a cervicothoracic syrinx (black arrowheads). The 
postmyelographic CT Scan shows the intramedullary cath¬ 
éter at Th4 (c) and an area of posterior cord compression at 


Th6/7 (d). e A delayed postmyelographic CT scan with sagit¬ 
tal reconstruction finally demonstrates an arachnoid cyst at 
Th6-Th7 as the cause for the progressive symptoms and the 
syrinx (white arrowhead) 
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Fig. 4.28. Sagittal Tl-weighted, 
contrast-enhanced MRI images of 
the thoracic (a) and cervical (b) spine 
of melanoma métastasés at Th6-Th7 
and C7 in a 63-year-old woman with 
a 3-month history of a slight para- 
paresis and radicular pain 




Fig. 4.29. Sagittal Tl-weighted, contrast-enhanced MRI 
scan (a) of a melanocytoma at C7-Thl in a 33-year-old 
woman with a 4-month history of progressive paraparesis. 
This tumor was a subarachnoid metastasis of a cerebellar 
melanocytoma that had been operated and radiated post- 
operatively several years previously at another institution. 
The axial scan (b) discloses the enormous compression of 
the cord from anterior in this case. C The cranial MRI dem- 
onstrates multiple further lésions 
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Fig. 4.31. Sagittal T2- (a) and Tl-weighted (b) MRI scans of ed image shows the considérable diameter of this hematoma. 
a subdural hematoma at L5-S1 in a 64-year-old woman with a Signal characteristics vary depending on the âge of the hema- 
2-week history of pain and paraparesis. c The axial Tl-weight- toma. The blood is hypodense on T2 and hyperdense on Tl 




4.3 Surgery 167 


4.3 

Surgery 

4.3.1 

Exposure 

Patients with intradural tumors of the thoracic or 
lumbar spine are operated in the prone position. We 
prefer the semisitting position for cervical intradural 
tumors. We use the same monitoring features as 
described for intramedullary tumors. For the over- 
whelming majority of extramedullary tumors, a 
standard laminotomy and durai exposure for a mid- 
line approach as described for intramedullary tumors 
are sufficient. The required exposure is about 1 cm 
wide. With small latéral tumors, a hemilaminectomy 
(Fig. 4.32), or even an interlaminar fenestration, may 
be adéquate. 

Alternative anterior approaches hâve been de¬ 
scribed for selected cases of anteriorly placed extra¬ 
medullary tumors. Crockard and Bradford [51] de¬ 
scribed a patient with transoral removal of an 
intradural schwannoma. Jenny et al. [125] hâve em- 
ployed a transthoracic, transvertebral approach for 
successful removal of an anteriorly placed, calcified 
meningioma; Dickman andApfelbaum [54] employed 
a similar anterior thoracoscopie approach for removal 
of a schwannoma, while O’Toole and McCormick 
[195] reported a complété resection of a ventral 
schwannoma via an anterior cervical corpectomy 
with reconstruction, and Arai et al. [12] used a subto¬ 
tal cervical corpectomy for a neurenteric cyst, which 
was resected subtotally. In our opinion, extended an¬ 
terior approaches are not required for the overwhelm- 
ing majority of solid extramedullary tumors, because 
the tumor usually provides sufficient space in front of 
the cord for a safe, piecemeal removal. However, with 
cystic tumors, calcified or récurrent tumors accom- 
panied by significant arachnoid scarring, the situa¬ 
tion may be different. Once the cyst is open and has 
collapsed, the working space for removal from poste- 
rior is gone. With anteriorly placed calcified tumors 
or récurrent tumors adhèrent to the arachnoid mem¬ 
brane or pia mater, safe removal requires direct vision 
of the interface towards the spinal cord. In such cases, 
it may be too risky to mobilize the cord, so a direct 
anterior approach may be safer. 

With the dura exposed, the operation is continued 
with the aid of a surgical microscope. To protect the 
spinal cord against any damage during tumor remov¬ 
al requires most importantly protection of its vessels. 
In patients with severe preoperative neurological déf¬ 
icits in particular, the spinal cord blood supply may 


be on the verge of decompensation. The arachnoidal 
layer can be useful for protecting the spinal cord dur¬ 
ing surgery, provided the anatomy of the subarach- 
noid space and the relationship between the tumor 
and the arachnoid membrane are respected. 

The spinal subarachnoid space is divided into five 
longitudinal compartments. The posterior septum 
runs in the posterior midline attached to the pia ma¬ 
ter of the spinal cord. It séparâtes the posterior sub¬ 
arachnoid space in a left and right compartment and 
can be followed from the cervical to the lower tho¬ 
racic région. Other names applied to this structure 
are septum arachnoidale, septum subarachnoidale, 
septum intermedium, or septum leptomeningeum 
dorsale. It has been extensively studied by Key and 
Retzius [134] (Fig. 4.33). The posterior roots traverse 
the posterior subarachnoid space from the durai 
sleeve in the neuroforamen toward the postérolatéral 
sulcus of the spinal cord. Anterior roots run from the 
anterior spinal cord surface toward the neurofora¬ 
men. Between posterior and anterior roots, the den- 
tate ligaments anchor the spinal cord laterally to the 
dura (Fig. 4.33). Correspondingly, latéral compart¬ 
ments between the anterior and posterior roots and 
an anterior compartment can be distinguished. De- 
pending on the origin and direction of growth of a 
particular extramedullary tumor, individual com¬ 
partments may be expanded or compressed. Arach¬ 
noid layers may engulf the entire tumor, providing a 
safety layer toward the spinal cord surface and its 
blood vessels. Therefore, the arachnoid can and 
should be left intact throughout the entire procedure 
in such instances to avoid injuries to spinal cord ves¬ 
sels and nerve roots and postoperative arachnoid 
scarring [251], 

Before dura opening, we like to locate the exact po¬ 
sition of the tumor with ultrasound (Figs. 4.34 and 
4.35) [164], As some of the tumors are mobile to some 
degree, the position of the tumor in the supine posi¬ 
tion (i.e., when the MRI scan is done) may differ from 
the one in the operative room with the patient in the 
prone position by more than a centimeter! Ultrasound 
ensures an adéquate exposure and provides a due as 
to the best position for the dura incision. 

We advise leaving the arachnoid membrane intact 
during dura opening. Important blood vessels reach 
the spinal cord along anterior and posterior nerve 
roots. These may be adhèrent to the arachnoid mem¬ 
brane in any patient with an extramedullary tumor. 
Therefore, pulling and tearing of the arachnoid mem¬ 
brane should be avoided and sharp dissection used 
instead to ensure the safety of the cord’s blood supply. 
Once the dura is open and the arachnoid membrane 
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Fig. 4.32. Sagittal (a) and axial (b) Tl-weighted, contrast-en- 
hanced MRI scan of a meningioma at C7/Thl on the right side 
in a 66-year-old woman with a 4-month history of pain and 
sensory disturbances in her right arm. c This intraoperative 
picture demonstrates the exposure of the dura after interlami- 
nar fenestration and partial hémilaminectomies of C7 and 


Thl on the right side. As the tumor lies in the durai sleeve of 
the neuroforamen, the exposure follows the nerve root accord- 
ingly. d With mediolateral incision of the dura and arachnoid 
membrane, the tumor becomes visible, pushing the nerve root 
cranially. With partial resection of the tumor (e), the capsule 
can be mobilized laterally (f). (Continuation see nextpage) 
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Fig. 4.32. ( Continued) g Finally, the attachment zone in the 
dura sleeve is exposed. h After resection of parts of the in- 
ner durai layer, remaining tumor remnants could be removed 
and the area cauterized, avoiding injury to the nerve root. The 
postoperative sagittal, contrast-enhanced, T2-weighted (i) 


and axial Tl-weighted images (j) taken 1 year later show no 
evidence of a tumor récurrence or arachnoid adhesions. The 
patient experienced improvement of her pain, but the sensory 
changes remained unchanged 




Fig. 4.33. a This intraoperative view taken after dura 
opening demonstrates a normal arachnoidal layer with no 
adhesions to the dura, b This view exposes the posterior 
arachnoidal septum, held with a fine forceps, which sépa¬ 
râtes the posterior subarachnoid space into two halves. 
c This image shows the dentate ligament between the poste¬ 
rior and anterior root as a white fibrous band ( arrowheads ). 
It is visible through the translucent arachnoid membrane, 
with a schwannoma barely visible lying underneath 
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Fig. 4.34. Sagittal Tl-weighted MRI scan (a) and postmyelo- 
graphic CT images (b, c, d) of an arachnoid cyst at Th6-Th7 
and a cervicothoracic syrinx in a 54-year-old man with a 15- 
year history of progressive paraparesis predominantly on the 
right side (see also Fig. 4.27). The paraparesis progressed de- 
spite a persistent decrease of syrinx size making him wheel- 
chair dépendent. The axial ultrasound image (e) demonstrates 
the spinal cord and thickened arachnoid webs related to the 


arachnoid cyst ( arrowheads ). f This intraoperative view after 
dura opening demonstrates the clear translucent arachnoid in 
the area of the cyst at Th6-Th7. g By comparison, this image 
depicts the situation in the area of the previous operation af¬ 
ter insertion of a syringosubarachnoid shunt. The arachnoid 
membrane is thickened in places to a dense fibrous structure 
adhèrent to the cord surface. (Continuation see nextpage) 
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Fig. 4.34. h A doser view demonstrates the cathéter sutured 
to the dura. After removal of the cathéter, dense arachnoid 
adhesions next to the former cathéter position can be seen 
posteriorly (i) and laterally (j). After sharp dissection of these 
adhesions (k), the underlying pathology can be treated: the 
arachnoid cyst is on the right side of the cord (I). m This image 


demonstrates the view into the cyst after opening its poste- 
rior wall. After complété resection of the cyst (n) the overview 
image (o) once again demonstrates the profound arachnoid 
changes due to the first operation in the left half of the expo- 
sure compared to the Virgin area on the right. (Continuation 
see next page) 
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Fig. 4.34. ( Continued) p To avoid postoperative tethering 
of the spinal cord, the dura is closed with a Gore-Tex® graft. 
The postoperative sagittal (q) and axial (r) Tl-weighted MRI 
shows a good décompression of the spinal cord, no syrinx, and 



a free CSF passage in the area of surgery. There is no evidence 
of postoperative tethering. The walking ability of this patient 
improved postoperatively; he now uses his wheelchair only for 
longer distances. He has been free of a récurrence for 3 years 



Fig. 4.35. Sagittal (a) and axial (b) Tl-weighted, contrast- 
enhanced MRI Scan of a posterior meningioma at C7-Thl in 
a 72-year-old woman with a 2-year history of pain and slight 
gait ataxia. c The intraoperative ultrasound shows the tumor 
(white arrowhead ) and the compressed spinal cord (black ar- 
rowheads). The intraoperative views after dura (d) and arach- 
noid opening (e) display the well-encapsulated tumor. After 
coagulation of the capsule (f ), the intracapsular tumor re- 
moval can be performed (g). In this case, the tumor could be 


peeled out of the capsule with ease. Finally, the dura attach- 
ment on the inner dura layer is mobilized (h) and resected (i). 
j This final view depicts the situation after radical resection 
of the tumor. The postoperative Tl-weighted MRI scans (k, I) 
demonstrate no tumor remnant, but also a small hypodense 
lésion in the cord due to the long-standing compression by the 
tumor. Pain improved postoperatively with the gait ataxia left 
unchanged (Continuation see nextpage) 
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Fig. 4.35. ( Continuée}) 
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Fig. 4.36. Sagittal Tl-weighted MRI scan without (a), and 
coronal (b) and axial (c) Tl-weighted scans with contrast of a 
cystic schwannoma at C6-C7 on the right side in a 47-year-old 
woman with a 6-month history of pain in her right arm. d This 
intraoperative view in the semisitting position after dura and 


arachnoid opening shows the tumor underneath the posterior 
nerve root. After mobilization of these roots (e), the tumor 
could be incised, decompressed, and mobilized (f). ( Continu¬ 
ation see nextpage ) 
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Fig. 4.36. g ( Continued ) The final intraoperative view dem- 
onstrates the situation in the durai sleeve toward the neuro¬ 
foramen after resection of the tumor. The major part of the 
affected root could be preserved, achieving hemostasis with 


is still intact, the subarachnoid space can be checked 
for arachnoid changes, and the relationship between 
the tumor and arachnoid membrane can be evaluat- 
ed. Normally, the arachnoid membrane is attached 
loosely to the inner dura layer and can be separated 
from it bluntly with a microdissector (Figs. 4.34 and 
4.35). In cases of trauma, inflammatory processes, 
long-standing compression, or after previous surger- 
ies, however, the arachnoid membrane may be dense- 
ly adhèrent to the inner dura layer, requiring sharp 
dissection to open the dura without tearing on the 
arachnoid (Fig. 4.34). Pulling on arachnoid scars 
should be avoided, as this will also put tension on the 
spinal cord and its feeding vessels, which may be em- 
bedded in them. 

With posteriorly placed tumors, a midline incision 
is chosen (Fig. 4.35). The line of incision should be 
placed along the médial border of laterally placed tu¬ 
mors. In that way, the médial part of the dura can be 
left to cover and protect the spinal cord, which is dis- 
placed to the contralatéral side by the neoplasm 
(Fig. 4.36). Depending upon the amount of latéral ac- 
cess needed, it may be advisable to suture the dura 
laterally to facet joints or the periosteum for a better 
latéral view. With anteriorly placed tumors, the inci¬ 
sion is done in the midline. The dura is then retracted 
laterally with sutures on one side. In most cases ante- 



a small piece of Gelfoam. h The postoperative, contrast- 
enhanced, Tl-weighted MRI demonstrates no tumor remnant. 
The patient’s symptoms remained unchanged postoperatively 
and there has been no récurrence for 4 years 


rior tumors can be managed without mobilizing the 
cord. The space provided by solid tumors is usually 
sufficient (Fig. 4.37). Alternatively, the spinal cord 
may be rotated, provided the exposure of the cord ex- 
tends well above and below the tumor (Fig. 4.38). Su¬ 
tures can be applied to the dentate ligaments or arach¬ 
noid membrane, fixing them toward the dura on the 
opposite side for this purpose (Fig. 4.38). Further- 
more, the exposure can be modified to a postérolat¬ 
éral approach with removal of a pedicle and interver¬ 
tébral joint [81], or to a latéral approach with removal 
of the latéral mass [248], 

If the tumor extends extradurally along the spinal 
nerve sheath, the intervertébral foramen is enlarged 
(Fig. 4.39). In such a case, we follow the spinal dura 
laterally and remove the remaining bone with small 
rongeurs or a diamond drill to expose the extradural 
part of the tumor (Fig. 4.39). In the cervical area, care 
has to be taken to avoid injury to the vertébral artery. 
In selected cases, a three-dimensional reconstruction 
of a CT with contrast enhancement may be useful to 
demonstrate the tumor, vertébral artery, and bony 
structures in a single image (Fig. 4.39). If the tumor 
extends to or even beyond the intervertébral foramen, 
the dura incision is curved along the nerve root rather 
than using a T-type incision, which is notoriously dif- 
ficult to close tightly (Fig. 4.39). 
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Fig. 4.37. Sagittal Tl-weighted MRI scans without (a) and 
with contrast (b), and axial image (c) of an anterior schwan- 
noma at Th2 in a 31-year-old man with a 2-month history 
of pain, d The intraoperative ultrasound demonstrates the 
tumor (black arrowhead) anterior to the cord (white arrow- 
heads). The tumor moved with the pulsatile motion of CSF 
up and down in relation to the spinal cord (i.e., the tumor 
was not adhèrent to the anterior cord surface!). The approach 
to this tumor involved a standard laminotomy (e) and mid- 
line dura opening (f). (Continuation see nextpage ) 
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Fig. 4.37. g The médial posterior arachnoid septum was 
sutured to the opposite dura to mobilize the cord slightly to 
the opposite side. This maneuver exposed the tumor, which 
lay beneath the sensory root, h Now the anterior root carry- 
ing the tumor is isolated with a small hook, coagulated (i) 
and transected (j). k The tumor can then be elevated and 
mobilized to coagulate and transect the root at the caudal 
pôle. I This view demonstrates the situation after radical 
removal of this schwannoma. With cutting of the arachnoid 
rétention sutures (m) the cord regains its normal position. 
The dura is closed (n) and the lamina reinserted (o). 

(Continuation see nextpage) 
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Fig. 4.37. ( Continued ) The postoperative Tl- (p) and T2- 
weighted images (q, r) demonstrate a normal-appearing 
spinal cord with no evidence of a tumor remnant. Post- 
operatively, the patient experienced complété pain relief 
with no neurological déficits 


4.3.1.1 

Removal of Solid Tumors 

Depending on the posterior, latéral, or anterior loca¬ 
tion of the tumor and its attachment to the dura, 
nerve roots, blood vessels, or filum terminale, mobili- 
zation of extramedullary tumors may apply pressure 
to the spinal cord and its vessels. As the first surgical 
step, solid tumors should be debulked (Figs. 4.32,4.35 
and 4.39) or cystic components evacuated (Figs. 4.36 


and 4.37). With posterior and latéral tumors, at least 
part of the tumor is immediately visible after dura 
opening even without touching any nervous structure 
(Figs. 4.32, 4.35, 4.36, and 4.39). Once part of the tu¬ 
mor is removed or decompressed, further dissection 
can be performed to mobilize the remainder of the 
tumor away from the cord. In this way any pressure 
on the cord can be avoided. 
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Fig. 4.38. Sagittal T2-weighted (a), Tl-weighted MRI scans 
without (b) and with contrast (c), and axial T2-weighted im¬ 
age (d) of a neuroepithelial cyst at C7-Thl in a 48-year-old 
patient with a 2-year history of progressive gait ataxia and 
pain. At présentation, the patient was unable to walk and had 
a severe spastic paraparesis. There is no contrast enhance- 
ment of the cyst wall. A small solid component is visible in 
the caudal part (arrowhead in a), e This intraoperative view 
after dura and arachnoid opening shows the cord completely 
stretched out over this ventral cyst. f Mobilizing the posterior 
nerve roots makes it possible to evaluate the extent of the cyst. 
g Suturing the dentate ligament ( arrowhead) to the dura on 
the opposite side provides enough access (h). (Continuation 
see nextpage ) 
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Fig. 4.38. After opening the cyst for décompression (i), the 
cyst wall can be dissected off the spinal cord surface with 
two fine forceps and mobilized laterally (j). The remaining 
attachments to the arachnoid membrane (k) and ventral 
nerve root (I) can be transected. m This final view shows 
the situation after complété resection of the cyst and removal 
of the dentate sutures. (Continuation see nextpage) 
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Fig. 4.38. (Continued) The postoperative sagittal Tl- (n) 
and T2-weighted (o) MRI scans, and an axial T2-image (p) 
demonstrate a complété décompression of the cord with no 
remnant of the cyst, as well as a hypodense lésion in the 
spinal cord as a resuit of the long-standing compression. 
Pain subsided postoperatively, but there was only marginal 
recovery of neurological function 
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Fig. 4.39. Sagittal (a) and axial (b, c) Tl-weighted, contrast- 
enhanced MRI scans of a dumbbell schwannoma at C4 in a 
22-year-old patient with NF-2. d The tumor is growing along 
the right C4 nerve root out of the enlarged neuroforamen, as 
documented on this oblique X-ray ( arrowhead ). Above the 
level of the neuroforamen, the intra- and extradural part 
are separated by the dura (arrowhead in b). The posterior (e) 
and anterior (f) view of a three-dimensional CT recon¬ 
struction with contrast demonstrates the relationship to the 
vertébral artery, which is displaced medially but not narrowed 
or engulfed by tumor. (Continuation see nextpage) 





4.3 Surgery 183 



Fig. 4.39. (Continued) g This intraoperative view shows the 
dura exposure with the patient in the semisitting position with 
opening of the neuroforamen on the right side. h After dura 
and arachnoid opening the intradural tumor is visible between 
posterior and anterior roots, i With stepwise removal of the 
tumor, the intradural mass is resected, preserving hoth the an¬ 


terior and posterior root, j Now the tumor can be followed and 
resected along the foramen, k After resection of the extradural 
part, preserving the nerve root, the extradural resection area 
is filled with Gelfoam. I The dura is closed with a small dura- 
plasty. The patient experienced no neurological déficit from 
this operation and has experienced no récurrence for 5 years 
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Fig. 4.40. Sagittal (a) and axial (b) Tl-weighted, contrast-enhanced MRI 
scans of an anterior meningioma at C3-C5 in a 53-year-old woman with 
a 2-year history of pain and a slight tetraparesis. c This intraoperative 
view in the semisitting position after dura and arachnoid opening demon- 
strates the tumor position anterior to the spinal cord and nerve roots. 
Only a small section is visible underneath the nerve roots on the left side. 
d Mobilizing these nerve roots with a microdissector provides enough 
space to start with the debulking of this tumor. With removal of the 
latéral part (e), access to anterior components becomes available, allowing 
removal of the mass (f). (Continuation see nextpage) 
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With anterior cottonoids, latéral access as outlined 
above is the key to a safe removal. Anterior nerve 
sheath tumors can be mobilized and removed with- 
out much difficulty once the tumor is debulked or 
decompressed and the tumor carrying the nerve root 
transected (Fig. 4.37). Anterior meningiomas, how- 
ever, cannot be mobilized until they are disconnected 
from their dura attachment (Fig. 4.40). 

Extramedullary tumors in the cauda equina may 
also présent spécifie problems. The numerous nerve 
roots in this area may cover the tumor completely. 
They may be attached to the tumor surface, may pen- 
etrate the tumor mass, or even be infiltrated. In gen¬ 
eral, it is advisable to dissect nerve roots off the tumor 


surface first and to push them gently aside with small 
cottonoids. In this way, slight suction on the cotto¬ 
noids can remove some of the CSF, so that nerve roots 
no longer float into the surgical field, as well as blood 
during tumor removal avoiding direct contact with 
nerve roots (Fig. 4.41). 

After debulking, it will no longer be difficult to re¬ 
move the remainder of the tumor mass and capsule to 
decompress the spinal cord. For radicality, it is man- 
datory to finally deal with the tumor origin. Depend- 
ing on the histology, extramedullary tumors are at¬ 
tached to the dura mater, nerve roots, filum terminale, 
or blood vessels. 


Fig. 4.40. (Continued) g With the 
tumor mass removed, the attachment 
area can be cauterized. h This view 
shows the situation after complété 
resection of this meningioma. i This 
postoperative Tl-weighted MRI scan 
shows no evidence of a tumor rem- 
nant. The patient has been free of 
a récurrence for 8 years but required 
a ventral fusion for degenerative dise 
disease at C4-C6 2 years after this 
operation (j) 
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Fig. 4.41. Sagittal (a) and axial (b) Tl-weighted MRI scan 
of a schwannoma at L1 in a 58-year-old woman with a 3-year 
history of pain without any neurological déficits. C this intra¬ 
operative view, taken after dura opening, shows a completely 
normal arachnoid membrane, d After opening of the arach- 
noid membrane, the nerve roots are mobilized laterally with a 
microdissector and held in place with small cottonoids. With 
complété exposure of the schwannoma (e), the tumor-carry- 
ing nerve root can be isolated ( arrowhead ; f). As no motor re- 
sponse is elicited with stimulation, the nerve root is coagulated 
and eut, allowing a complété resection (g). (Continuation see 
next page) 
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4.3.1.1.1 

Removal of Meningiomas 

The consistency of a spinal meningioma is quite vari¬ 
able. Most of them can be shrunk with bipolar coagu¬ 
lation, debulked, and removed in a piecemeal fashion 
with tumor forceps. With encapsulated tumors, no 
pial invasions into the spinal cord are présent 
(Figs. 4.32, 4.35, 4.40, and 4.42) [227], Even without 
any adhérence to the spinal cord, meningiomas can- 
not be mobilized until the tumor mass is disconnect- 
ed from the dura attachment zone. Therefore, the pre- 
operative axial MRI should be studied carefully: the 
meningioma will compress and displace the spinal 
cord according to its direction of expansion (i.e., away 
from the attachment zone). Therefore, the position of 
the cord will be directly opposite to the attachment 
zone. The approach and direction of dissection should 
account for this: the tumor should be dissected away 
from the cord toward the attachment area (i.e., in the 
opposite direction of its growth). 

However, some tumors such as infiltrating, en 
plaque growing meningiomas may be densely adhèr¬ 


ent to the cord, even infiltrate it or recruit some of 
their blood supply from pial vessels [29]. These tu¬ 
mors hâve to be dissected sharply off the spinal cord 
and may not be completely resectable (Fig. 4.43) [29]. 

Calcified meningiomas pose another problem, as 
conventional debulking may not be possible [76]. We 
hâve used small Kerrison rongeurs or tumor forceps 
for this purpose (Fig. 4.44). With calcified anterior 
meningiomas, a direct anterior approach may be re- 
quired if the tumor cannot be delivered safely from 
posterior. 

Once the tumor mass is resected, radicality de- 
mands removal of the dura attachment zone. If the 
attachment is posterior to the dentate ligament, it can 
be resected easily and reconstructed with a duraplasty 
(Fig. 4.44). An alternative strategy leaves the outer 
dura layer intact and removes just the inner dura layer 
with the attachment zone, thus avoiding a duraplasty 
(Figs. 4.32 and 4.35). In particular, for anteriorly 
placed tumors and attachment zones in the durai 
sleeve along the nerve root, this area may be coagu- 
lated (Figs. 4.40 and 4.42). 
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Fig. 4.42. Axial (a) and sagittal reconstruction (b) of con- 
trast-enhanced CT scans of an anterior meningioma at C1-C2 
with displacement of the spinal cord to the left in a 56-year-old 
woman with a 3-month history of sensory changes in her right 
arm. c This intraoperative view, taken from a postérolatéral 
approach on the right, demonstrates the tumor after medio- 
lateral dura incision, d After arachnoid membrane dissection. 


the tumor appears well encapsulated behind the C2 nerve root. 
Disconnection of the tumor from the attachment zone (e) al- 
lowed resection of the tumor mass (f). g This final view dem¬ 
onstrates a complété resection with coagulation of the attach¬ 
ment area, which is covered with fibrin tissue. (Continuation 
see nextpage ) 
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Fig. 4.43. Sagittal (a) and axial (b) Tl-weighted, contrast-en- of pain and a moderate paraparesis. The tumor encircles the 

hanced MRI scans of a récurrent, en plaque growing meningi- cord almost completely. (Continuation see nextpage) 

orna at Thl-Th3 in a 58-year-old woman with a 1-year history 
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Fig. 4.43. ( Continued ) c The intraoperative view after dura 
opening demonstrates scarring of the arachnoid membrane 
and the ill-defined limitation of the tumor. d Sections of the 
posterior tumor were calcified and had to be taken out with 
small rongeurs, e Some of the anterior parts were left in place 
as a removal would hâve been too risky. f This final view 
shows the decompressed cord with no tumor posteriorly and 


laterally. The sagittal (g) and axial (h) Tl-weighted MRI scans 
demonstrate a good décompression of the cord. Pain improved 
postoperatively; however, the paraparesis remained unaltered. 
A récurrence occurred 1 year later followed by another opera¬ 
tion and a further récurrence after 8 months. At that stage the 
patient was wheelchair dépendent and refused to undergo an¬ 
other operation 
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Fig. 4.44. Sagittal (a) and axial (b) Tl-weighted, contrast- 
enhanced MRI scans of a meningioma at Th6-Th7 in a 65- 
year-old woman with a 2-year history of pain and progressive 
paraparesis. c This coronal T2-weighted scan indicates the tu- 
mor position on the left side of the cord. d This intraoperative 
view, taken after dura opening, shows the tumor compressing 


the cord to the right. After coagulation of the capsule (e), the 
tumor could be debulked with tumor forceps (f). g After re- 
moval of the tumor mass, the latéral attachment zone remains 
to be resected. After dura resection on the left, a Gore-Tex® 
patch is placed anterolaterally (h) and sutured to the dura me- 
dially with a running suture (i). (Continuation see nextpage) 
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Fig. 4.44. ( Continued ) The postoperative Tl-weighted, con- tively. The patients symptoms recovered completely except for 

trast-enhanced MRI (j) and the T2-weighted axial image (k) a slight sensory loss in her left leg 

show no tumor récurrence or cord tethering 1 year postopera- 


4.3.1.1.2 

Removal of Nerve Sheath Tumors 

Nerve sheath tumors (i.e. schwannomas and neurofi- 
bromas) may be cystic or solid. Neurofibromas con- 
tain more fibrous tissue and tend to be tougher. As 
these tumors originate from nerve roots, they are al- 
most always located latéral of the cord and can be de- 
bulked from a standard laminotomy or hemilaminec- 
tomy (Fig. 4.36). However, anterior (Fig. 4.37) and 
extensive schwannomas reaching over several spinal 
segments (Fig. 4.45) do occur. Radicality requires re¬ 
section of the affected nerve sheath only. It is not nec- 
essary to resect the entire nerve root. Even though 
most schwannomas originate from sensory nerve 
roots [33], we recommend préservation of the tumor- 
carrying nerve root whenever it appears to be normal 
on inspection and/or a motor response is elicitable on 
direct stimulation (Fig. 4.36). In other patients it may 
be possible to preserve most of the rootlets (Fig. 4.46). 
In patients with no motor response on direct stimula¬ 
tion, the root is usually resected together with the tu¬ 
mor (Figs. 4.37, 4.41, and 4.45). In patients with NF 
type 2 (NF-2), a more conservative approach is gener- 
ally taken and the tumor-carrying root is preserved 
in most instances (Fig. 4.39). On the other hand, one 
should take care to resect the entire tumor capsule, as 
neuropathological examinations hâve shown it to 
contain tumor tissue [104]. 


With intradural schwannomas that show extradu¬ 
ral extension (i.e. dumbbell-tumors), the intradural 
part is removed before the extradural part is dissected 
(Figs. 4.39 and 4.47) [120], Here, the tumorous nerve 
sheath is located in close proximity to or in the neuro¬ 
foramen itself. Motor and sensory fibers are com- 
pressed in this very confined space. Ail fascicles may 
be jammed together to such a degree that it becomes 
impossible to single out the tumor-originating nerve 
sheath (Figs. 4.39 and 4.47). With dumbbell tumors of 
the thoracic spine, the decision to resect the affected 
root together with the tumor will hâve no significant 
functional conséquences [204], However, in the cervi¬ 
cal or lumbar spine, préservation of nerve root func- 
tion is an essential requirement, especially for patients 
with NF-2. Another problem that may be encountered 
with dumbbell tumors of the cervical spine is dis¬ 
placement, encasement, or even occlusion of the ver¬ 
tébral artery (Figs. 4.39 and 4.47). 

With intraoperative stimulation, the motor and 
sensory response can be tested. Only if no response is 
elicitable should radical excision with removal of the 
root be performed (Fig. 4.47). Otherwise, the tumor 
should be debulked and - if in doubt - the risk of 
leaving small remnants on a functioning nerve root 
should be taken if further dissection appears too 
risky, especially in patients with NF-2 (Fig. 4.39). 
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Fig. 4.45. Sagittal (a) and axial (b) Tl-weighted, contrast-en- 
hanced MRI scans of a partly cystic schwannoma at C6-Th4 
in a 65-year-old man with a 10-year history of pain in his left 
arm, shoulder, and upper trunk, and recent development of a 
moderate tetraparesis. c Intraoperative view taken with the 


patient in the semisitting position after dura and arachnoid 
opening, displaying this extensive tumor on the left side. Pos- 
terior roots can be seen on the surface of this tumor. These 
detailed views demonstrate the upper (d) and lower (e) tumor 
pôles. (Continuation see nextpage) 
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Fig. 4.45. ( Continued ) f Starting from the lower pôle, the 
tumor could be easily separated from posterior and anterior 
nerve roots and spinal cord with microdissectors and small 
tumor forceps. The tumor had expanded between anterior and 
posterior roots and could be mobilized in this fashion from 
one spinal segment to the next. g Finally, the tumor carrying 


nerve root could be isolated and transected. h This final pic- 
ture demonstrates the situation after complété resection of this 
tumor. The spinal cord has taken its normal position again. 
Postoperatively, neurological symptoms and pain improved 


For radicality, not only the handling of the nerve 
root in the neuroforamen is critical, but also an adé¬ 
quate exposure of the extradural or even extraspinal 
extension of the tumor. Sometimes the extraspinal 
component may reach tremendous proportions, re- 
quiring a separate operation from an anterior ap- 
proach. 


4.3.1.1.3 

Removal of Ependymomas 

Extramedullary ependymomas are almost always 
found in the lumbar and sacral région. They may 
grow to enormous sizes, filling out the entire lumbar 
and sacral subarachnoid space (Fig. 4.18). Due to the 


significant risk of subarachnoid seeding, extramedul¬ 
lary ependymomas should be resected in toto when- 
ever possible, together with the filum terminale 
(Fig. 4.48) [204], If debulking is required, this can be 
performed safely with well-encapsulated ependymo¬ 
mas, covering the surrounding surgical field with 
cottonoids and applying suction to avoid contamina¬ 
tion of the subarachnoid space with tumor cells 
(Fig. 4.49). Without a surrounding capsule, ependy¬ 
momas tend to infiltrate nerve roots, making it much 
more difficult to achieve a complété resection without 
damaging important roots (Fig. 4.50). Care has to be 
taken to avoid injury of the conus. The conus may be 
displaced and twisted, depending on the growth di¬ 
rections the ependymoma has taken (Fig. 4.49). 
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Fig. 4.46. Sagittal (a) and axial (b) 
Tl-weighted, contrast-enhanced MRI 
scans of a schwannoma at C4 in a 56- 
year-old patient with a 10-year history 
of pain in his left arm without neuro- 
logical déficits. C This intraoperative 
view, taken with the patient in the 
semisitting position, shows the tumor 
after dura and arachnoid opening on 
the left side of the cord. d The dentate 
ligament is transected. e A radical 
resection is achieved with transection 
of the affected rootlet, preserving the 
remaining components of this root 
(f). Postoperatively, pain vanished 
completely. With no new neurological 
symptoms, the patient has been free 
of a récurrence for 6 years 





196 4 Extramedullary Tumors 





Fig. 4.47. Sagittal (a) and axial (b) Tl-weighted, contrast- 
enhanced MRI scans of a dumbbell schwannoma at C5-C6 
on the left side in a 25-year-old patient with a 3-year history 
of dysesthesias, pain, a slight weakness and hypesthesia in 
his left arm. The tumor reaches the vertébral artery, which 
is displaced anteriorly (arrowhead in b), c This intraoperative 
view demonstrates the exposure, taken with the patient in 
the semisitting position before dura opening. The markedly 
enlarged root on the left side is obvious. d With mediolateral 
dura incision, the intradural part becomes visible (e). 

0 Continuation see nextpagé) 
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Fig. 4.47. ( Continued ) Mobilization of the intradural part (f) 
allows the tumor to be followed to the foramen, exposing 
the anterior root. With the dura incision along the root, the 
intraforaminal tumor part protrudes and can be dissected 
off the underlying nerve root laterally (g), h With removal 
of the extradural part, the root was transected, as no motor 
response could be elicited and préservation of the root would 
hâve required leaving tumor in the area of the neuroforamen. 
Postoperatively, symptoms improved with no additional 
déficits caused from resection of the entire root. The patient 
has been free of a récurrence for 5 years 
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Fig. 4.48. Sagittal (a) and axial (b) Tl-weighted, contrast-en- 
hanced MRI scans of an ependymoma at L2 in a 37-year-old 
man with a 6-month history of back pain and slight sphincter 
problems. Intraoperative views after dura (c) and arachnoid 
membrane opening (d) demonstrate a well-encapsulated tu- 
mor. After coagulation of the capsule (e) the tumor was partly 
removed (f) and mobilized away from nerve roots with small 
cottonoids (g). (Continuation see nextpage) 
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Fig. 4.48. ( Continued ) h With almost complété resection of 
the tumor mass, the filum terminale became visible at either 
tumor pôle ( arrowheads ). With coagulation and transection 
of the filum at the lower (i) and upper pôle (j) the tumor was 
completely resected. k This view shows the filum terminale, 
held with microforceps, and the tumor-feeding artery. 

I The final view demonstrates the complété resection of the 
tumor with préservation of ail caudal roots. Postoperatively, 
pain improved and sphincter function recovered. The 
postoperative sagittal (m) and axial (n) Tl-weighted images 
show no tumor remnant 
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Fig. 4.49. Sagittal (a) and axial (b) Tl-weighted, 
contrast-enhanced MRI scans of an ependymoma 
at Thl2-L2 in a 21-year-old man with a 10-year 
history of pain without any neurological déficits. 
The tumor displaces the conus to the left side. 
c The intraoperative view after dura opening dem- 
onstrates this extensive tumor. d Xanthochrome 
CSF is visible below the lower pôle, e The arach- 
noid membrane is incised in this area and, after 
placing cottonoids into the caudal subarachnoid 
space to avoid any tumor dissémination, the cap¬ 
sule is coagulated (f) and debulking is undertaken 
with suction on a low setting, tumor forceps, and 
microscissors (g). Tumor removal proceeds in this 
fashion in cranial direction (h) until the area of the 
conus, which is displaced to the left (arrowhead in 
i), is reached (i). (Continuation see nextpage ) 
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Fig. 4.49. (Continued) Dissection and removal now contin¬ 
ues from the upper pôle downward (j) to isolate the conus 
and filum terminale from both sides (k). I Now the remaining 
tumor can be resected with transection of the filum terminale 
right at the conus level ( arrowhead ). The final overview (m) 
and close-up image of the conus (n) demonstrate complété 
resection of the tumor with préservation of ail caudal nerve 
roots. The sagittal (o) and axial (p) Tl-weighted, contrast- 
enhanced MRI scans demonstrate a complété resection of 
the tumor and a good décompression of the spinal cord and 
nerve roots. Postoperatively, pain improved with no addi- 
tional neurological déficit except for a slight hypesthesia in 
the left leg 
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Fig. 4.50. Sagittal (a) and axial (b) Tl-weighted, contrast- 
enhanced MRI scans of an ependymoma at Thl2-Ll with an 
associated syrinx in a 13-year-old boy with a 6-month history 
of gait ataxia, pain, and sphincter problems. The intraopera¬ 
tive view after dura opening (c) demonstrates a large tumor 
with intratumoral hemorrhages, which does not display a 
capsule, as became évident after arachnoid dissection (d). 
e This highly vascularized tumor was removed in piecemeal 
fashion, applying constant suction on a low setting to prevent 
as far as possible any tumor dissémination, f Finally, the 
filum terminale was transected with the remaining tumor 
right at the conus and the syrinx opened. g This final view 
shows a complété resection of this ependymoma with ail 
caudal roots displaced laterally. Postoperatively, the patient’s 
neurology remained unaltered 
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4.3.1.1.4 

Removal of Angioblastomas 

Highly vascularized tumors such as angioblastomas 
should be resected in toto to avoid considérable bleed- 
ing from the tumor with piecemeal removal. Such tu¬ 
mors can be shrunk with bipolar coagulation on the 
surface to facilitate resection (Fig. 4.51). Suction and 
bipolar coagulation should be on a low setting to 


avoid rupture of the quite vulnérable feeding vessels. 
If the tumor appears too large for removal in toto, 
preoperative embolization may be considered 
(Fig. 4.52). Extramedullary angioblastomas receive 
their blood supply from the arteries accompanying 
the spinal nerve roots; such roots hâve to be preserved. 
The tumor-feeding vessels hâve to be identified and 
transected to ensure radicality (Fig. 4.51). 



Fig. 4.51. a Within 2years, this angioblastoma at L5/S1 
doubled its size in a 46-year-old woman with VHL and a 1- 
year history of increasing pain in both legs without additional 
neurological déficits. The preoperative Tl-weighted MRI scans 
without (b) and with contrast (c, d) demonstrate a large, mul- 


tilobulated angioblastoma with displacement of caudal nerve 
roots to the right. e The intraoperative view after dura opening 
displays a tense arachnoid. f With opening of the arachnoid, 
the highly vascularized tumor is visible, surrounded by arteri- 
alized veins and feeding arteries. (Continuation see nextpage) 
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Fig. 4.51. Close-up views of the lower (g) and upper pôles 
(h) of the tumor show these vessels to be attached to nerve 
roots, i) As a first step, cottonoids were placed around this 
tumor. Suction on a low setting on these paddies maintains 
a good overview to protect nerve roots during dissection. 
Likewise, bipolar cauterization should be reduced to avoid 
rupture of tumor vessels. j In this manner, tumor-feeding 
vessels could be isolated and coagulated. k With dissection 
of ail feeders from below, the tumor could be mobilized 
and elevated. Finally, the last feeder was isolated on the left 
side (arrowhead in I) and transected (m). (Continuation 
see next page) 
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Fig. 4.51. ( Continued ) n The angioblastoma was removed 
in toto and ail caudal nerve roots were preserved (o). The 
T2-weighted (p) and Tl-weighted, contrast-enhanced MRI 
scans (q, r) demonstrate a complété resection, but another 
angioblastoma at Thl2/Ll. The patient reported pain relief 
postoperatively with just a slight hypesthesia in her left leg 
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Fig. 4.52. Sagittal (a) and axial (b) Tl-weighted MRI scan 
with contrast and T2-weighted scan (c) of an angioblastoma 
at Th9 in a 33-year-old patient with VHL and severe back pain 
but no neurological déficits. This highly vascularized lésion 


(d) was embolized before surgery with a good resuit (e). A fur- 
ther lésion at Thll was also embolized. (Continuation see next 
page ) 
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Fig. 4.52. ( Continued ) f This intraoperative view after dura 
and arachnoid opening shows the tumor on the right side cov- 
ered by nerve roots. Sucking on small cottonoids (g) allows 
isolation of the upper tumor pôle (h). Mobilizing the nerve 
roots with a microdissector, the lower tumor pôle is also dis- 


sected. With coagulation and transection of feeding arteries, a 
complété resection is finally achieved (i). Postoperatively, pain 
improved without appearance of new déficits. Two years later, 
another operation was required for the Thll tumor 


4.3.1.1.5 

Removal of Hamartomas 

Solid hamartomas (i.e., lipomas) may affect the spinal 
cord or cauda equina in two ways: compression and 
tethering. Lipomas do not proliferate. The mass of 
this hamartoma will change according to the entire 
body fat. If the lipoma is of considérable size, it may 
compress the spinal cord (Fig. 4.53) or cauda equina 
(Fig. 4.54). The lipoma is always firmly attached to 
the cord tissue, with a transition zone that displays no 
definite cleavage plane. The second mechanism - 
tethering of the spinal cord - can be caused in several 
ways: the lipoma may be associated with a low posi¬ 
tion of the conus with a tight filum terminale 
(Fig. 4.54), the filum terminale may harbor the lipo¬ 
ma (Fig. 4.55), or the lipoma may hâve grown into the 
épidural space transgressing the dura mater (Fig. 4.56) 
[41], Furthermore, shortened, but nonetheless func- 
tional nerve roots may cause a tethering effect 
(Figs. 4.57 and 4.58) [38], Quite often, a lipoma will be 
associated with other dysraphic defects such as, for 


example, a dermal sinus (Fig. 4.59), a split-cord mal¬ 
formation, or a dermoid cyst (Fig. 4.54). Finally, lipo¬ 
mas may be associated with significant arachnoid 
scarring, which may complicate the dissection to a 
degree that a satisfactory untethering of the conus 
cannot be achieved without significant risks to inflict 
neurological déficits [57, 210, 222], Unfortunately, 
postoperative arachnoid scarring may be a severe 
problem in patients with dysraphic hamartomas and 
lipomas in particular. Therefore, the surgical proce¬ 
dure should focus strictly on what is required, avoid- 
ing any unnecessary dissections. 

Each of the aforementioned aspects has to be dealt 
with [41]. If the lipoma is of small size and the spinal 
cord or cauda appears not to be compressed by it, 
neurological symptoms will most likely be caused by 
a tethering mechanism. In such an instance, we do 
not remove the lipoma, but just untether the cord 
(Fig. 4.55). This may involve sharp arachnoid dissec¬ 
tion, transection of the filum terminale, and/or re¬ 
moval of a bony spur and mesenchymal tissue be- 
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Fig. 4.53. Sagittal Tl- (a) and T2-weighted (b) MRI scans 
and an axial Tl-weighted image (c) of an extramedullary lipo- 
ma at Thl-Th6 in a 32-year-old woman with a 5-month his- 
tory of progressive paraparesis. The hamartoma has widened 
the spinal canal. A kyphosis has formed at Th6/7. In a first 
operation, a laminectomy and décompression of the cord had 
been performed. After considérable initial improvement the 
paraparesis returned after 3 years due to progressive kyphosis 
at Th6/7 (d). Unfortunately, the patient postponed a second 
operation until she was wheelchair dépendent. For this sec¬ 
ond operation, a réduction of the lipoma mass and a stabiliza¬ 
tion was planned. e The intraoperative view after dura open- 
ing shows the enormous size of this lipoma. On opening the 
capsule, the tumor could be debulked (f ) leaving the capsule 
intact, using tumor forceps and sharp dissectors (g). 

(Continuation see nextpage) 
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Fig. 4.53. ( Continued ) h This image shows the end of the tu- 
mor debulking. Intratumoral hemostasis is achieved with fi- 
brin tissue. The closure involves a suture of the lipoma capsule 
(i) and a Gore-Tex® duraplasty (j). k Finally, a transpedicu- 


lar stabilization is performed at Th4-Th9. The postoperative 
Tl-weighted sagittal (I) and axial (m) MRI images show the 
amount of décompression 


tween hemicords, such as aberrant roots and fibrous 
bands in cases of split-cord malformations [198]. The 
filum can be identified by its characteristic texture 
and paler color compared to a nerve root. An artery 
will always accompany it. Nerve roots may be at- 
tached to the filum and hâve to be dissected off [210]. 
The filum should be coagulated before it is transected 
(Figs. 4.54 and 4.55). 

If the lipoma appears to be of considérable size and 
to compress spinal cord or cauda, we reduce its mass 
(Figs. 4.53, 4.54, 4.58, and 4.59). In such cases we try 


to leave the outer capsule of the lipoma, so that we can 
suture it at the end of the debulking. This may limit 
the risk of postoperative arachnoid scarring, ana- 
logous to suturing the pia mater after removal of an 
intramedullary tumor (Figs. 4.53 and 4.54). Lipomas 
may be quite vascularized, and several authors rec- 
ommend the use of lasers for this pathology [172], 
If the lipoma transgresses the dura it causes tethering 
of the spinal cord at the site of dura pénétration. 
Therefore, it is important to detach the épidural and 
intradural parts from each other at the level of the 
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Fig. 4.54. Sagittal Tl- (a) and T2-weighted (b) MRI scans of a 
mixed hamartoma at L1 combined with a tethered cord in a 51- 
year-old woman with a 2-month history of back and radicular 
pain and hypesthesia in her right leg. The upper part of this 
hamartoma represents a dermoid cyst with a lipoma under- 
neath. The conus ends at L2. c The axial image demonstrates 
the relationship between lipoma on the right, dermoid cyst on 
the left and spinal cord, which is displaced anteriorly. d The 


conventional X-ray of the lumbar spine shows an incomplète 
lamina at L5. e In a first step the tethered cord is treated expos- 
ing the dura at L5. The thickened filum is visible even before 
dura opening. f After dura opening the filum is exposed and 
found to contain fat; arachnoid adhesions are dissected off to 
ensure that no caudal roots are attached to the filum. ( Con¬ 
tinuation see nextpage) 
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Fig. 4.54. g After coagulation and transection of the filum, 
the dura is closed. h After a laminotomy at Ll, this ultrasound 
image depicts the dermoid cyst on the left, the lipoma to the 
right, and the spinal cord underneath. i This intraoperative 
view after dura and arachnoid opening shows the two compo- 
nents of this hamartoma with the spinal cord hidden under¬ 


neath. j First, the dermoid cyst is incised releasing a mucinous 
substance that could be sucked away. k This view demonstrates 
the interior of the dermoid cyst. I The capsule is now resected 
stepwise using sharp dissection and leaving a layer of gliosis as 
a safety barrier for the cord. (Continuation see nextpage ) 
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Fig. 4.54. (Continued) m This photograph demonstrates the 
situation after complété resection of the dermoid cyst and 
exposes this gliosis. n Debulking of the lipoma is undertaken 
with tumor forceps and sharp microdissectors. After partial 
removal of the lipoma (o) the capsule is sutured (p). The dura 
was closed with a Gore-Tex® patch and the lamina reinserted 


with miniplates. The postoperative Tl- (q) and T2-weighted 
(r) MRI images demonstrate the untethering of the cord, the 
partial removal of the lipoma, and no remnant of the dermoid 
cyst. Pain and hypesthesia improved postoperatively. Without 
any new neurological déficits, the patient is free of a récur¬ 
rence for 1 year 
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Fig. 4.55. Sagittal Tl- (a) and T2-weighted (b) MRI scans of a 
lipoma of the filum terminale and conus position at L5 in a 32- 
year-old woman with a 9-year history of pain, a slight weak- 
ness of her left leg, and beginning sphincter disturbances. 
Axial MRI (c) and CT scans (d) both demonstrate this pathol- 


ogy and the surrounding bony anatomy. e This intraoperative 
view after dura opening shows the sizeable lipoma with nerve 
roots attached to its capsule on the left side. After arachnoid 
opening, the lipomatous filum is checked on either side for 
adhèrent nerve roots (f, g). (Continuation see nextpage ) 
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Fig. 4.55. ( Continued ) Then the filum 
is coagulated (h) and transected (i) step- 
wise. j This view demonstrates the situ¬ 
ation after a small section of the filum 
has been resected in this manner. Caudal 
roots are visible anteriorly. k The dura 
is closed with a Gore-Tex® patch. I The 
immédiate postoperative MRI scan shows 
the untethering and décompression of the 
cord. m Six months later, the distal part 
of the fatty filum has atrophied. Pain and 
neurological symptoms improved post- 
operatively. The patient has been free 
of a récurrence for 3 years and delivered 
a healthy child in conventional manner 
2 years after surgery 
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complété lamina of L5 and the connection between intra- and 
extradural part of the lipoma (arrowhead). d This intraopera¬ 
tive view shows the extradural part of the lipoma after lami- 
nectomy L4 and L5. e At this stage, the épidural component 
of the lipoma has been eut off at the durai entry point and the 
dura circumcised in this area exposing a thickened arachnoid 
membrane and the connection of the lipoma to the spinal cord 
underneath. (Continuation see nextpage) 


Fig. 4.56. Sagittal (a) and axial (b) Tl-weighted MRI scans of 
a conus lipoma with extradural extension in a 34-year-old man 
with a 1-year history of hypesthesia and motor weakness in 
his right leg accompanied by pain and severe sphincter prob- 
lems. The sagittal scan shows the extradural extension at L5/S1 
(i arrowhead in a) with an intact fascial layer. The axial image 
demonstrates the conus turned anticlockwise and displaced to 
the right. c The bone window CT scan demonstrates the in- 
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Fig. 4.56. ( Continued ) f This close-up view demonstrates the 
displaced and twisted conus on the right side attached to this 
lipoma. Further untethering or a réduction of the lipoma mass 
was judged very hazardous, so that dissection was terminated 
at this stage, g The dura was closed with a Gore-Tex® patch. 


h The postoperative Tl-weighted MRI demonstrates the par- 
tially untethered spinal cord and the enlarged spinal canal. 
Postoperatively, the patient experienced considérable pain 
relief with neurological symptoms unchanged. The patient is 
free of a récurrence for 2 years 


dura in order to untether the cord (Figs. 4.56 and 
4.57) [41], 

With split-cord malformations (i.e., diastemato- 
myelia), two types can be distinguished: in type 1 the 
two hemicords are in separate durai tubes, which are 
separated by a rigid osseocartilagenous septum 
(Figs. 4.60 and 4.61), whereas in type 2 both hemi¬ 
cords are in one single dura tube but are separated by 
a nonrigid fibrous septum (Fig. 4.62) [200]. In such 
cases, the spinal cord is tethered at the site where ei- 
ther intradural mesenchymal (Fig. 4.62) and/or an 
épidural bony spur (Figs. 4.60 and 4.61) splits the cord 
into two halves. In either case, aberrant nerve roots 
on the médial surfaces of both hemicords, hamarto- 
mas, and other mesenchymal tissues may connect the 
hemicords to these separating structures, depending 
on the type of split-cord malformation, and contrib- 
ute to the tethering (Figs. 4.60-4.62). In patients with 
a purely intradural fibrous band splitting the spinal 
cord, the two hemicords may be so closely attached to 
each other that on inspection, they may almost ap- 
pear not to be split at ail. In such instances, only the 


band has to be transected posteriorly and - if présent 
- also anteriorly to relieve the tethered cord. On the 
other hand, if aberrant mesenchymal tissue is found 
between both hemicords, ail of it needs to be removed 
[198]. For this purpose, the durai sleeve is circumcised 
and then removal of the bony spur with its surround- 
ing durai and ail aberrant nerve roots or arachnoid 
scar tissue attached to it can be undertaken (Fig. 4.61). 
At the end of the dissection, the two hemicords should 
pulsate freely in the subarachnoid space. The result- 
ing anterior dura defect can be closed with a small 
Gore-Tex® graft, but this is not mandatory (Fig. 4.61). 
The posterior defect, however, always requires a dura 
graft (Figs. 4.61 and 4.62). 

Whenever tethering of the spinal cord is part of 
the pathology, we recommend using a duraplasty to 
enlarge the subarachnoid space and to limit the risk 
of retethering [49, 130, 281], Artificial materials for 
dura grafting such as Gore-Tex® give much better 
results in our expérience than autologous grafts, as 
these regularly cause dense adhesions [210], 
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Fig. 4.57. a Sagittal Tl-weigthed MRI scan of a tethered 
cord with a conus position at L5 and a holocord syrinx in a 
49-year-old patient with a 8-month history of progressive 
paraparesis and severe sphincter problems. The axial images 
at L2 (b), L5 (c), and SI (d) demonstrate the syrinx, the li- 
poma attached to the conus, and the extradural and epifascial 
extension of this hamartoma. e The corresponding bone 
window CT clearly demonstrates the bony abnormalities at SI 
as well as the lipoma extension. (Continuation see nextpage) 
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Fig. 4.57. f This intraoperative view shows the epifascial 
component of the lipoma. g The pedicle of this lipoma is 
followed towards the dura, h The dura is now visible holding 
the extradural part of the lipoma. i The dura has been incised 
at the entry zone of the lipoma, displaying caudal nerve roots 
underneath the arachnoid. j The displacement of nerve roots 
and conus to the right became apparent after arachnoid dis¬ 
section. k On the right side, shortened nerve roots contribute 
to the tethering. (Continuation see nextpage) 
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Fig. 4.57. ( Continued ) I At this stage, further intradural 
dissection was terminated. The mass of the well-vascularized 
lipoma had been reduced and hemostasis achieved with fibrin 
tissues. The dura was closed with a Gore-Tex® patch, m The 
postoperative Tl-weighted MRI scan after 3 months shows 
a remarkable decrease of syrinx size and the healed area of 
surgery at L5-S1. Gait and sensory disturbances improved, 
while sphincter dysfunctions remained unchanged 




Fig. 4.58. Sagittal (a) and axial (b) Tl-weighted MRI scan of a sacral conus lipoma in a 23-year-old : 
of sphincter dysfunction and pain. (Continuation see nextpage ) 


with a 10-year history 



220 4 Extramedullary Tumors 




Fig. 4.58. ( Continued) c The intraoperative view after dura 
opening demonstrates the lipoma attached to the conus un- 
derneath. d A partial resection of the lipoma was performed. 
On either side, nerve roots appeared to participate in the 
tethering of the cord. The postoperative sagittal (e) and 
axial (f) Tl-weighted MRI images demonstrate the volume 
réduction of the lipoma. The patient did report some pain 
relief after surgery, but neurological symptoms remained 
unaltered. The patient has been in a stable condition for 
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Fig. 4.59. Sagittal Tl- (a) and T2-weighted (b) MRI scans of 
a sacral conus lipoma in a 31-year-old woman with a 9-month 
history of progressive paraparesis and sphincter disturbances, 
c The axial scan shows the conus turned in clockwise direc¬ 
tion anterior to the lipoma. d This photograph shows the po- 
rus of a dermal sinus, e This sinus could be followed to the 
dura, but there was no communication with the subarachnoid 


space. After partial resection of the well-vascularized lipoma, 
tethered nerve roots prevented further intradural dissections 
and a Gore-Tex® duraplasty was inserted. The postoperative 
T2- (f) and Tl-weighted (g) MRI images display a good de- 
compression of the conus without adhesion to the graft. Post- 
operatively, symptoms remained unchanged but stable 
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Fig. 4.60. These sagittal Tl-weighted MRI scans demon- 
strate a tethered cord with a conus position at L4 (a) and a 
hamartoma at that level (b). L2 and L3 are fused (i.e., Klip- 
pel-Feil syndrome), c The axial scan shows a bony spur at L3 


and a diastematomyelia (i.e. a split-cord malformation type 1). 
d Finally, the coronal Scan shows the hamartoma underneath 
this spur at L4-L5. The patient complained about pain and 
a slight paresis of his left leg. The patient declined surgery 
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Fig. 4.61. Sagittal (a) and coronal (b) Tl-weighted MRI 
scans of a split-cord malformation type 1 at Thl2-Ll, a 
dermoid cyst at Thl2, and a tethered cord with a conus 
position at L4 in a 52-year-old patient with a 15-year history 
of back pain and a mild progressive paraparesis. The hyper- 
dense signal of the cyst is caused by fatty components within 
the cyst. The axial scans demonstrate the large cyst (c) and 
the two hemicords (d). The CT in bone window technique (e) 
and the three-dimensional reconstruction (f ) demonstrate 
the bony spur separating the cord and durai sac in two halves. 
(Continuation see nextpage ) 
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Fig. 4.61. g This intraoperative view shows the removal 
of the hony spur with a rongeur. After resection of the spur 
(h), the dura is incised (i) revealing a considérable amount of 
arachnoid scarring due to a previous operation that had just 
punctured the cyst. On the right side the soft tissue between 
both hemicords marks the former position of the bony spur 
(arrow in i). On the left side the dermoid cyst can be seen al- 
most bulging out. j, k The dura pedicle, which had surrounded 


the bony spur, is dissected free from both hemicords. I This 
view shows the situation after resection of ail soft tissue 
between both hemicords. m The small anterior dura defect is 
closed with a small patch, n This close-up view shows the der¬ 
moid cyst surrounded by arachnoid scarring. There appears to 
be no clearcut démarcation between arachnoid, cyst wall, and 
spinal cord surface. (Continuation see nextpage) 
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Fig. 4.61. (Continued) The cyst was opened revealing mu- 
cinous material (o) and the cyst wall resected (p). The dura 
was closed with a Gore-Tex® patch. The postoperative sagittal 
Tl- (q) and axial T2-weighted (r) MRI scans demonstrate the 


complété resection of the dermoid cyst and untethering of the 
cord. The filum terminale was transected in a separate opera¬ 
tion. Pain improved postoperatively, with stabilization of neu- 
rological symptoms for 8 years 


Fig. 4.62. Sagittal Tl- (a) and T2-weighted (b) MRI scans 
of a split-cord malformation type 2 at Thll associated with 
a tethered cord, a conus position at L2, and a small syrinx at 
Th9-Thl0 in a 46-year-old woman with a 18-month history 
of a slight paraparesis accompanied by pain and mild 
sphincter disturbances. (Continuation see nextpage ) 
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Fig. 4.62. c The axial scan shows the two hemicords in a 
single durai sac. The bone window CT scans display a defect 
of the vertébral body at Thll (d) and a spina bifida at L1 (e). 
f, g Conventional X-rays of the spine disclosing a segmenta¬ 
tion defect at Thll (arrowheads in both f and g) and a spina 
bifida ThlO-Ll in the latéral (f) and anterior-posterior 
views (g), h The intraoperative ultrasound shows the two 
hemicords and a structure in the posterior subarachnoid 
space connected to the right hemicord (arrowhead). 

(Continuation see nextpage) 
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Fig. 4.62. i This small dura defect containing fatty soft 
tissue became apparent before dura opening. j This area was 
circumcised on dura opening displaying a normal arachnoid 
and aberrant nerve roots connected with the dura at that 
point. The arachnoid was incised and resected in this area 
(k) revealing nerve roots originating from the right hemicord 
and running toward that dura defect (I). With successive 
dissection and resection of these nerve roots (m), ail soft 
tissue between both hemicords was removed resulting in a 
complété untethering of the cord in this région (n). The 
histological examination of the resected material revealed 
normal nervous tissue and a small arteriovenous malforma¬ 
tion. o The dura was closed with a Gore-Tex® duraplasty. 

(Continuation see nextpage ) 
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Fig. 4.62. ( Continued ) At L5/S1 the filum terminale was 
transected as well. The postoperative sagittal (p, q) and axial 
(r) T2-weighted MRI scans show an unchanged syrinx, a free 
CSF passage in the operative région, and no adhesion of either 


hemicord to the dura. The patient reported improvement of 
pain and dysesthesias and an otherwise unchanged but stable 
neurological situation 


4.3.1.2 

Removal of Cystic Tumors 
4.3.1.2.1 

Removal of Cystic Hamartomas 

Cystic hamartomas may présent some particular fea- 
tures that demand spécial surgical measures. Among 
dysraphic cysts, dermoid (Figs. 4.54, 4.61, and 4.63), 
neurenteric (Fig. 4.64), and neuroepithelial cysts 
(Fig. 4.38) can be distinguished. As mentioned earlier 
for lipomas, cystic hamartomas may also be associat- 
ed with other dysraphic manifestations such as, for 
example, a tethered cord (Figs. 4.54 and 4.61) or a 
split-cord malformation (Fig. 4.61). The strategy for 
removal of a cyst is different compared to that for a 
solid tumor. The cyst content may contain irritating 
substances that should not contaminate the subarach- 
noid space - this holds particularly true for dermoid 
cysts (Figs. 4.54, 4.61, and 4.63). The cyst wall may be 
adhèrent to the nerve roots and spinal cord, and yet 
be rather fragile (Figs. 4.38, 4.54, 4.61, and 4.64). 
Therefore, radicality is not always easy to achieve, nor 
is it required in each instance [162], With anteriorly 
located cysts, an anterior or latéral approach may be 
useful whenever the cyst can be expected to be adhèr¬ 
ent to surrounding structures and a radical removal 
needs to be obtained. Otherwise, the spinal cord may 


completely obscure the remainder of the cyst wall 
once part of it is resected and the cyst has collapsed. 

With dysraphic cysts, extension over multiple seg¬ 
ments is unusual. The cells of the cyst wall may pro¬ 
duce substances that may accumulate and cause 
reformation of the cyst and/or severe arachnoid irri¬ 
tations. Therefore, excision of the entire cyst wall 
has to be the aim of surgery (Figs. 4.38, 4.53, 4.63, 
and 4.64). If necessary, sharp dissection is used to 
mobilize it away from the surrounding structures 
(Figs. 4.38, 4.53, and 4.63). If the cyst is not amenable 
to removal in toto, we make a small incision into the 
cyst wall and remove the content by suction or with 
forceps (Fig. 4.61). In such a situation, we recommend 
protection of the surrounding structures with cotto- 
noids. Not too much of the cyst contents should be 
removed before mobilizing the cyst wall. A complete¬ 
ly flaccid cyst wall may be difficult to dissect from 
nerve roots or other structures. If the cyst wall is 
densely adhèrent to nerve roots, vessels, or the cord 
surfaces, radicality may be impossible to achieve 
without undue risks; cases of récurrent dysraphic 
cysts are almost never resected radically. To limit 
postoperative arachnoid scarring, we again recom¬ 
mend a duraplasty in such instances (Figs. 4.54, 4.61, 
and 4.63). 
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Fig. 4.63. Sagittal T2- (a), Tl-weighted MRI scan without 
(b) and with contrast (c) of a dermoid cyst at L2 in a 40-year- 
old woman with a 2-year history of pain and slight sphincter 
problems. d The axial scan shows the considérable size of this 
hamartoma with displacement of the cord to the left. e This 
intraoperative view demonstrates the cyst attached to the spi¬ 


nal cord. f After arachnoid dissection and coagulation of sur¬ 
face vessels, this picture displays the capsule of the dermoid. 
With incision of the capsule a yellowish substance can be evac- 
uated (g) and cyst contents emptied with tumor forceps (h). 
(Continuation see nextpage) 
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Fig. 4.63. ( Continuai ) i With the now flaccid cyst the spinal 
cord is visible on the left side. The cyst wall can now be grad- 
ually dissected off nerve roots and spinal cord surface (j) 
using sharp dissection (k). I After complété resection of the 
cyst, an area of gliosis toward the spinal cord is apparent, 
m The dura is closed with a Gore-Tex® duraplasty. The post- 
operative sagittal Tl- (n) and axial T2-weighted (o) MRI 
images demonstrate the complété resection of this cyst. 

Pain improved postoperatively, while her sphincter problems 
remained unaltered 
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Fig. 4.64. Sagittal (a) and axial (b) Tl- and T2-weighted (c) 
MRI scans of a neurenteric cyst at C7-Thl in a 58-year-old 
man with a 1-month history of pain, dysesthesias, and 
weakness of his right hand. While the cyst content appears 
isodense to CSF on Tl, it is hyperintense on T2. d The intra¬ 
operative view after dura and arachnoid incision, taken with 
the patient in the semisitting position, shows the cyst in front 
of the spinal cord anterior to posterior root and dentate liga¬ 
ment. e Putting the dentate ligament under slight tension 
exposes the cyst almost completely. (Continuation see next 
page) 
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Fig. 4.64. ( Continued ) f The cyst has been opened and its 
wall is now removed with blunt dissection using two fine 
forceps, g After removal, a small mirror is used to ensure a 
complété resection in the blind angle anteriorly. The post- 
operative sagittal (h) and axial (i) Tl-weighted images 
demonstrate a complété resection of the cyst. Postoperatively, 
the patient made a complété recovery and has been free 
of a récurrence for 10 years 



4.3.1.2.2 

Surgery for Arachnoid Cysts 

With arachnoid cysts the objective is a wide fenestra¬ 
tion of the cyst wall to ensure décompression of the 
spinal cord and a permanent unobstructed flow of 
CSF. Excision of the entire cyst wall is performed in 
small cysts only (Figs. 4.34 and 4.65). In particular, it 
is not advisable to remove parts of the cyst wall, which 
are adhèrent to major cord vessels, cervical or lumbar 
nerve roots, or the spinal cord surface, and represent 
the intermediate leptomeningeal layer, as outlined in 


the anatomy section. However, the long-term success 
of the operation not only requires a sufficient décom¬ 
pression of the cord and establishment of a free CSF 
passage, but also minimization of postoperative 
arachnoid adhesions. These may give rise to CSF flow 
obstructions, formation of arachnoid pouches, or 
even reformation of an encapsulated arachnoid cyst. 
Therefore, we advise focusing arachnoid dissection 
on a wide fenestration of the cyst wall in an uncritical 
area (Figs. 4.66 and 4.67). Blunt dissection carries the 
risk of tearing small vessels embedded in the arach- 
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Fig. 4.65. Sagittal Tl- (a) and T2- weighted (b) MRI 
scans of an arachnoid cyst at Th3-Th4 in a 34-year-old 
woman with a 4-year history of back pain and a slight 
paraparesis. The T2-image shows the cyst wall quite 
clearly. c The axial image demonstrates the considérable 
cord compression, d, e The cardiac gated cine MRI 
images in systole (d) and diastole (e) show the corre¬ 
spondis flow disturbances in this area ( arrowheads ). 
f The intraoperative ultrasound demonstrates the patho- 
logy and the compressed cord underneath. 

(Continuation see nextpage ) 
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Fig. 4.65. (Continued) g The intraoperative view after dura 
opening displays the arachnoid cyst. Starting at the lower 
pôle, the arachnoid is lifted (h) and adhesions to nerve roots 
and cord surface can be appreciated (i). Using microscissors 
(j), the cyst is dissected step by step so that the cyst wall could 
be spread out to demonstrate its upper limitation (k). I After 
complété resection, a fine arachnoidal layer is left on the cord 
surface to preserve surface vessels. m The dura is closed with 
a Gore-Tex® duraplasty. n The postoperative T2-weighted 
MRI proves a good décompression of the cord and normal 
flow voids in the subarachnoid space without evidence of 
arachnoid scar formation. Please note the expansion of the 
subarachnoid space posteriorly despite reinsertion of the 
laminae. Pain improved postoperatively, while the remaining 
complaints were left unchanged 
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Fig. 4.66. a, b These sagittal T2- 
weighted MRI scans demonstrate a 
cervicothoracic syrinx related to an 
arachnoid cyst at Th2-Th4 in a 48-year- 
old man with a 4-month history of pain, 
dysesthesias, and a slight paraparesis. 
Apart from a little denting of the cord 
at Th2 ( arrowhead ) there is no cord 
compression détectable, c, d The cardiac 
gated cine MRI in systole (c) and diastole 
(d) demonstrate the extension of the cyst 
( arrowheads ). e This intraoperative view 
after dura opening at Th2 shows the 
upper pôle of this arachnoid cyst. 

(i Continuation see nextpage ) 
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Fig. 4.66. ( Continued ) f After resection of the upper part, 
no CSF entered this area from below. The decision was there- 
fore made to expose also the lower pôle at Th4. g This intra¬ 
operative view shows the lower pôle of the cyst still expanded. 
h After resection of the lower part, CSF flow was normalized. 
i At both sites a Gore-Tex® duraplasty was inserted. The post- 
operative sagittal (j, k) and axial (I) T2-weighted images dis¬ 
play a collapsed syrinx indicating normal flow at Th2-Th4. 
Postoperatively, symptoms remained unaltered, but remained 
stable for 3 years without further progression 
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Fig. 4.67. The MRI scans of this 46-year-old patient with a 2-year history of progressive 
paraparesis requiring mobilization in a wheelchair after a Listeria meningitis years earlier, 
show an extensive arachnoid pathology as the resuit of postinflammatory scarring pro¬ 
cesses. a The sagittal T2-weighted image shows an anterior arachnoid cyst at C6-Th2 
(left arrowhead), a posterior cyst at Th4-Th5 (right arrowhead), and arachnoid adhesions 
ail the way down in the thoracic spine. Finally, an extensive thoracic syrinx can be seen. 
The axial images at C5 (b), Th3 (c), and Th7 (d) demonstrate the anterior cord compres¬ 
sion from the upper cyst, the arachnoid scarring, and the syrinx, respectively. e The sagit¬ 
tal reconstruction of the postmyelographic CT demonstrates a subtotal block at Th2. 

0 Continuation see nextpage ) 
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Fig. 4.67. f The axial CT at Thl shows little amounts of 
contrast in the anterior arachnoid cyst compared to the sub- 
arachnoid space posteriorly. A laminotomy Th2-Th4 was 
performed. g The intraoperative view after dura opening shows 
the thick arachnoid scarring, which appears most pronounced 
at Th2. h, i Starting at Th4 the arachnoid is gradually resected 
preserving the surface vessels on the spinal cord by sharp dis¬ 
section. In this way the posterior cyst is removed. Please note 


the posterior arachnoid septum in the midline connected to 
the midline spinal cord vein (arrowhead in h). The wall of the 
anterior arachnoid cyst can now be visualized on the right side 
at Th2 with the aid of a microdissector (j) and fenestrated (k). 
The final views show the communication of the anterior cyst 
with the subarachnoid space (I) and the situation at the end of 
the intradural dissection (m). (Continuation see nextpagè) 
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Fig. 4.67. ( Continued ) n The dura is closed with a large 
Gore-Tex® patch. The sagittal postoperative MRI scans (o, p) 
show a good décompression of the cord at Th2-Th4 with 
decrease of the anterior arachnoid cyst and the thoracic 
syrinx. These effects can also be appreciated in the axial 
scans at Thl (q), Th3 (r), and Th7 (s). The patient improved 
significantly postoperatively, recovering his ability to walk 
at least short distances 
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noidal layer and on the cord surface. Sharp dissection 
avoids this problem. Bipolar coagulation should be 
used sparsely and only on small vessels in the arach- 
noid. This strategy limits the risk of injury to sensory 
spinal cord pathways in particular. If the cyst extends 
over several spinal segments, we fenestrate the cyst 
only at the lower or upper pôle (Fig. 4.67). Rarely, sep- 
tations of a cyst require fenestrations at both ends 
(Fig. 4.66). With anteriorly placed cysts it may be dif- 
ficult to gain sufficient access from a posterior ap- 
proach. In such cases, the dentate ligaments can be 
eut and the cord gently mobilized. However, this 
should only be attempted in situations where the 
arachnoid appears relatively normal (i.e., not grossly 
thickened as a resuit of previous operations or inflam- 
matory processes; Fig. 4.67). After arachnoid dissec¬ 
tion in the posterior subarachnoid space, we do not 
recommend a primary dura suture but insertion of a 
Gore-Tex® duraplasty to ensure persistent CSF flow at 
that spinal level [275]. 


4.3.2 

Closure 

Once the tumor or cyst is removed, some authors re¬ 
suture the arachnoid membrane to avoid scarring and 
cord tethering [279]. We hâve not done this regularly. 
In most instances just the dura is closed with a run- 
ning suture. Whenever the arachnoid membrane is 
part of the pathology (i.e., extramedullary cysts or 
récurrent tumors), we use a Gore-Tex® duraplasty to 
limit postoperative arachnoid scarring and to main- 
tain CSF flow during surgery. With tenting sutures 
along the suture line, the duraplasty can be lifted off 
the spinal cord avoiding scar formation between 
the spinal cord and suture material in particular 
(Figs. 4.34, 4.53, 4.55, 4.56, 4.59, 4.61, 4.63, and 4.65- 
4.67). Finally, the laminae are fixed with titanium 
miniplates and the wound is closed as described for 
intramedullary tumors. 


4.3.3 

Adjuvant Therapy 

The treatment of choice in patients with an extramed¬ 
ullary tumor is surgery aiming at complété removal 
of the tumor. Currently, only WHO grade III and IV 
tumors are irradiated postoperatively at our institu¬ 
tion. In our sériés, 11 (2%) were classified as WHO 
grade III tumors and 23 (4%) as WHO grade IV tu¬ 
mors. 94% of extramedullary tumors were benign, 
requiring surgery only. 


4.4 

Postoperative Results and Outcome 

Cervical and thoracic tumors differed significantly 
in terms of histological types. In the cervical région, 
meningiomas (40%) and schwannomas (52%) made 
up more than 90% of the pathology. In the thoracic 
région, meningiomas were more common (53%) com- 
pared to schwannomas (22%) and arachnoid cysts 
(12%). In the lumbar canal, schwannomas (39%) were 
the commonest type, followed by ependymomas 
(22%), hamartomas (19%), and meningiomas (11%; 
Table 4.5; chi square test: /kO.OOOI) [34], 

4.4.1 

Tumor Resection 

Overall, 77 % of extramedullary tumors in our sériés 
were removed completely. A subtotal resection was 
done in 20%, whereas 3% were decompressed. Resec¬ 
tion rates varied considerably in relation to tumor 
histology and corresponding surgical strategies, as 
outlined above. A comparison of results for tumors 
with and without extradural extension revealed no 
statistically significant différence, although there was 
a trend toward a lower rate of complété resections 
with extradural extension (66% compared to 79%; 
Table 4.6). There was a significantly lower rate of 
complété resections for patients with récurrent tu¬ 
mors compared to first surgical attempts (53% com¬ 
pared to 84%, respectively; chi square test: p<0.0001). 


Table 4.5. Histologies of extramedullary tumors related to 
spinal level 


1 Histology 

Cervical 

Thoracic 

: Lumbo- 1'. 

Meningioma 

40% 

53% 

n% 

Nerve sheath tumor 

52% 

22% 

39% 

Arachnoid cyst 

2% 

12% 

2% 

Hamartoma 

3% 

3% 

19% 

Ependymoma 

- 

- 

22% 


Table 4.6. Surgical 

results for extramedullary tumors 

1 Surgery 

Intra 

Intra-Extra 

Total 1 

Complété 

305 (79%) 

40 (66%) 

345 (77%) 

Subtotal 

68 (18%) 

20 (33%) 

88 (20%) 

Décompression/ 

12 (3%) 

1 (2%) 

3 (3%) 


Biopsy/Cystostomy 
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4.4.2 

Clinical Results 

The successful removal of an extramedullary tumor 
is one of the most gratifying procedures in neurosur- 
gery. Almost ail preoperative symptoms and signs can 
be expected to improve postoperatively [204], Quite 
often, even complété resolutions are obtained. This 
statement even holds for elderly patients with signifi- 
cant preoperative déficits, so that surgery for extra¬ 
medullary tumors should be recommended regard- 
less of âge [35,44,223], 

Table 4.7 gives an overview of clinical outcomes for 
individual symptoms in the first postoperative year 


for extramedullary tumors. Ail symptoms showed 
significant improvements during this time, regardless 
of extradural extensions. As radicular symptoms 
rather than more advanced symptoms of medullary 
compression predominate in patients with dumbbell 
tumors, clinical results are even better for this group, 
even though they are surgically more difficult to 
manage. The average Karnofsky score improved for 
ail extramedullary tumors from 70±15 to 81±16 (with- 
out extradural extension 70±15 to 80±17, with extra¬ 
dural extension from 73+12 to 87±10). 

An analysis of clinical results with respect to the 
amount of tumor resected demonstrated worse out- 


Table 4.7. Clinical course for patients 
with extramedullary tumors related to 
tumor extension 


Symptom 

Preope¬ 

Postope- 3 Months 6 Months 1 Year 


rative 

rative postop. postop. postop. 


status 

status 


Pain 





3.4±1.1 4.0 ±0.6 


3.5+1.0 3.9+0.8 

3.4+1.1 3.9+0.8 


4.3+0.7 4.4±0.8 4.3±0.9** 

4.3+0.5 4.5±0.5 4.5±0.5** 

4.3±0.7 4.4±0.8 4.4±0.9** 


3.5+1.0 3.8±1.0 4.1+1.0 4.1+1.1 4.1+1.!** 

3.5+0.9 3.9+1.0 4.4+0.7 4.5+0.7 4.5±0.7** 

3.5+1.0 3.8+1.0 4.1+1.0 4.2+1.0 4.2±1.1** 


4.0+1.0 4.4+0.8 

4.1+1.0 4.4+0.7 

4.0+1.0 4.4+0.8 


4.5+0.7 4.5+0.7 4.5±0.8** 

4.8+0.4 4.8+0.4 4.8±0.4** 

4.5+0.7 4.6+0.7 4.5±0.8** 


3.6+1.2 3.7+1.2 


3.7+1.2 3.8+1.2 


4.1+1.1 4.2+1.1 4.2+1.1** 

4.4+0.7 4.5+0.7 4.6±0.6** 

4.1+1.1 4.2+1.0 4.3+1.1** 


3.5+1.2 3.8+1.2 4.1+1.0 4.2+1.1 4.2±1.1** 

3.8+1.1 3.9+0.9 4.4+0.7 4.6+0.7 4.6±0.7** 

3.6+1.2 3.8+1.1 4.2+1.1 4.3+1.1 4.3±1.1** 


4.2+1.2 4.4+1.0 

4.7+0.5 4.9+0.5 

4.2+1.2 4.5+1.0 


4.5+1.0 4.5+1.1** 

4.9+0.5 4.9+0.5** 

4.5+0.9 4.5+1.0** 


70±15 

73+12 

70±15 


72±17 

76±12 

72±16 


77±16 

83±11 

78±15 


80±16 

85±11 

80±15 


Statistically significant différence between preoperative status and 1 year postopera¬ 
tively: *p<0.05, **p<0.01; abbreviation: Postop. = postoperatively 
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Symptom 

Preope¬ 

Postope¬ 

3 Months 6 Months 1 Year 


rative 

rative 

postop. postop. postop. 


status 

status 



Pain 


Table 4.8. Clinical course for patients 
with extramedullary tumors related to 
type of surgery 


Complété 

3.4±1.0 

4.0 ±0.7 

4.4±0.6 

4.5+0.6 

4.5+0.7* 

Subtotal 

3.4±1.2 

3.8+1.0 

4.011.0 

3.9+1.0 

3.7+1.4 

Hypesthesia 

Complété 

3.5±0.9 

3.9+0.9 

4.2+0.8 

4.3+0.8 

4.4+0.8* 

Subtotal 

3.4±1.3 

3.4+1.4 

3.6+1.4 

3.7+1.5 

3.5+1.5 

Dysesthesias 

Complété 

4.0±1.0 

4.3+0.8 

4.6+0.6 

4.6+0.7 

4.6+0.7* 

Subtotal 

4.1±1.1 

4.4+0.8 

4.5+0.7 

4.5+0.8 

4.2+1.0 

Gait 

Complété 

3.7±1.1 

3.9+1.1 

4.3+0.9 

4.4+0.8 

4.5+0.8* 

Subtotal 

3.5±1.3 

3.5+1.3 

3.6+1.3 

3.7+1.4 

3.6+1.5 

Motor power 

Complété 

3.7±1.1 

4.0+1.0 

4.3+0.8 

4.5+0.8 

4.5+0.7* 

Subtotal 

3.3±1.3 

3.5+1.3 

3.7+1.4 

3.8+1.4 

3.6+1.5 

Sphincter function 

Complété 

4.4±0.9 

4.4+1.0 

4.7+0.6 

4.7+0.6 

4.8+0.5* 

Subtotal 

3.8±1.3 

3.7+1.4 

3.9+1.3 

3.8+1.4 

3.7+1.6 

Karnofsky score 

Complété 

71+15 

74+16 

80+14 

83+13 

84+13** 

Subtotal 

67+14 

66+16 

71+19 

72+19 

70+21 


Statistically significant différence between preoperative status and 1 year postopera- 
tively: *p<0.05, **p< 0.01 


cornes after subtotal resections. For this group, only 
marginal changes were observed within the first post- 
operative year, with a trend toward détérioration after 
only 6 months. After complété resections, excellent 
results can be expected (Table 4.8). 

To predict a high postoperative Karnofsky score 
after 1 year, we performed a multiple régression anal¬ 
ysis. The strongest predictors were a high preopera¬ 
tive Karnofsky score and no postoperative dysesthesia 
syndrome. Less important factors were the absence of 
NF-2, a short history, or the absence of arachnoid 
scarring at surgery (Table 4.9). 

If we then look at the clinical results as a function 
of the preoperative Karnofsky score, it becomes clear 
that patients with more severe preoperative déficits 
still profit enormously from surgery, with significant 
improvements of every symptom. However, full re- 
covery does occur only rarely once severe déficits hâve 
developed. Comparing results for patients with pre- 


Table 4.9. Multivariate analysis for prédiction of a high post¬ 
operative Karnofsky score for patients with extramedullary 
tumors 



No dysesthesia syndrome 0.3596 

No neuroflbromatosis 0.1939 

Short history 0.1754 

No arachnoid scarring 0.1034 

Corrélation: r= 0.7959, p<0.0001, abbreviation: Preop. = pre¬ 
operative 

operative Karnofsky scores above and below 70 shows 
that ail clinical scores fall short for the latter group. 
Significant improvements of the Karnofsky score, 
however, could be observed independent of the pre¬ 
operative score (77±7 to 85±12 and 49±11 to 67±19 for 
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Table 4.10. Clinical course for 
patients with extramedullary tumors 
related to preoperative Karnofsky 


Symptom 

Preope- 

Postope- 

3 Months 
postop. 

6 Months 
postop. 

1 Year 
postop. 

Pain 






>70 

<70 

3.5+1.0 

3.2+1.2 

4.1+0.6 

3.5+0.9 

4.4+0.6 

4.0+0.8 

4.5+0.7 

4.1+1.0 

4.5+0.8** 

4.0+1.1*" 

Hypesthesia 

>70 

<70 

3.6±0.9 

3.0±1.0 

4.0+0.8 

3.3+1.3 

4.0+0.8 

3.6+1.4 

4.3+0.8 

3.6+1.4 

4.3+0.8** 

3.6+1.5*" 

Dysesthesias 

>70 

<70 

4.1±0.9 

3.7+1.2 

4.4+0.7 

4.1+0.9 

4.6+0.6 

4.4+0.8 

4.6+0.6 

4.3+0.9 

4.6+0.7** 

4.2+1.O*" 

Gait 






>70 

<70 

4.1±0.8 

2.2±1.0 

4.2+0.9 

2.5+1.1 

4.4+0.8 

3.0+1.2 

4.5+0.8 

3.3+1.3 

4.5+0.8** 

3.4+1.4** 

Motor power 

>70 

<70 

4.0±0.9 

2.8±1.0 

4.1+0.9 

2.8+1.1 

4.4+0.9 

3.2+1.2 

4.5+0.8 

3.5+1.3 

4.5+0.9** 

3.6+1.4** 

Sphincter fonction 

>70 

<70 

4.5±0.9 

3.5+1.3 

4.5+1.0 

3.5+1.3 

4.7+0.8 

3.9+1.2 

4.7+0.8 

4.0+1.1 

4.7+0.8** 

4.0+1.1* 

Karnofsky score 

>70 

<70 

77+7 

49+11 

79+11 

52+13 

83+11 

60+15 

85+11 

66+18 

85+12** 

67+19** 


Statistically significant différence between preoperative status and 1 year postopera- 
tively: *p< 0.05, **p<0.01; abbreviations: >70 = preoperative Karnofsky score, equal or 
higher than 70, <70 = preoperative Karnofsky score less than 70 


patients with preoperative scores above and below 70, 
respectively; Table 4.10) [34], 

For récurrent tumors, however, the situation is 
more complex in terms of radicality and potential for 
postoperative improvements. Pain syndromes in par- 
ticular rarely improve even after radical resection of a 


récurrent tumor. This is illustrated in Table 4.11, 
which demonstrates worse clinical outcomes for sur- 
gery of récurrent extramedullary tumors compared 
to a first surgical attempt. As a general rule, the neu- 
rological resuit will be unchanged postoperatively for 
the majority of these patients. 
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Symptom 

Preope- 

Postope- 

3 Months 
postop. 

6 Months 
postop. 

1 Year 
postop. 

Table 4.11. Course for patients with 
extramedullary tumors related 
to previous operations 

Pain 







First surgery 

3.4±1.0 

4.0 40.7 

4.440.7 

4.540.7 

4.540.7** 


Récurrent tumor 

3.4±1.2 

3.840.8 

4.140.8 

3.940.9 

3.741.3 


Hypesthesia 

First Surgery 

3.540.9 

4.040.8 

4.340.8 

4.340.8 

4.440.8** 


Récurrent tumor 

3.2±1.2 

3.341.4 

3.441.5 

3.441.5 

3.341.5 


Dysesthesias 

First surgery 

4.0±1.0 

4.440.8 

4.640.6 

4.640.6 

4.640.7** 


Récurrent tumor 

4.1itl.l 

4.440.8 

4.440.7 

4.340.9 

4.241.0 


Gait 

First surgery 

3.741.2 

3.841.1 

4.241.0 

4.440.9 

4.440.9** 


Récurrent tumor 

3.541.2 

3.541.4 

3.641.3 

3.641.4 

3.541.5 


Motor power 

First surgery 

3.741.1 

3.941.0 

4.340.8 

4.540.8 

4.540.7** 


Récurrent tumor 

3.241.4 

3.341.5 

3.441.5 

3.441.5 

3.341.6 


Sphincter function 

First surgery 

4.441.0 

4.441.0 

4.740.7 

4.740.7 

4.740.7** 


Récurrent tumor 

3.841.4 

3.641.5 

3.841.4 

3.741.4 

3.641.6 


Karnofsky score 

First surgery 

71415 

74416 

79414 

83414 

84414** 


Récurrent tumor 

68413 

66417 

70418 

70417 

68420 



Statistically significant différence between preoperative status and 1 year postopera- 
tively: *p< 0.05, **p<0.01 


4.4.3 

Complications 
4.4.3.1 

Short-Term Complications 

Complications were encountered in 10% of patients, 
with no différences between tumors with and without 
extradural extension (Table 4.12). A spécial comment 
is warranted regarding the risk of a postoperative 
paraparesis due to the semisitting position. Apart 
from air embolism, this is the most serious complica¬ 
tion of this position. To minimize this risk, we advise 
performing X-rays of the cervical spine in anteflexion 
and retroflexion to rule out instabilities, to apply 
moderate extension on the cervical spine during posi- 
tioning, and to use somatosensory evoked potential 
(SEP) monitoring during the positioning maneuver. 
Among several hundred operations performed with 
the patient in the semisitting position each year, we 


hâve corrected the positioning as a conséquence of 
changes in SEP on various occasions and hâve not 
seen such a complication again. Furthermore, like 
any other monitoring method, SEP recording is a 
good tool to learn how this maneuver is performed 
safely. 

Surgical mortality was 1.4% (five patients). In three 
of these five patients the tumor was located in the high 
cervical région: one patient with a récurrent arachnoid 
cyst at Cl, one patient with a récurrent meningioma at 
Cl/2, and one patient with a récurrent meningioma at 
C1-C5. The other two harbored a meningioma at 
Thl/2 and a malignant thoracic teratoma. 

A transient postoperative détérioration is much 
rarer for patients with extramedullary tumors than 
for patients with intramedullary processes. It was ob- 
served for 10% of patients in this sériés, with recovery 
for 81% of these within 3 months, and for the remain- 
der in up to 18 months. 
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Table 4.12. Complication rates for patients with extramedul- 
lary tumors 



CSF leak 

17 3 

20 

Wound infection 

5 1 

6 

Hemorrhage 

2 1 

3 

Lamina dislocation 

1 

1 

Instability 

4 

4 

Raised intracranial 

2 

2 

pressure 



Intracérébral hemorrhage 

1 

1 

Incomplète paralysis 

1 

1 

due to positioning 



Urinary tract infection 

4 

4 

Aspiration pneumonia 

1 1 

2 

Deep vein thrombosis 

1 

1 

Total 

39 6 

45 


10% 10% 

10% 


4.4.3.2 

Long-Term Complications 

Late complications may be associated with spinal in- 
stability or a postoperative dysesthesia syndrome that 
mayprogress to myelopathy. To avoid instabilities, in¬ 
tervertébral joints should be left intact during the ex- 
posure and lamina reinserted after tumor removal. 
However, for tumors growing toward the interverté¬ 
bral foramen, such as dumbbell schwannomas, it may 
not be possible to preserve every intervertébral joint. 
Tumor growth itself may hâve caused significant bony 
érosion to such an extent that spinal instability has 
resulted or is immanent (Fig. 4.53). Four patients in 
this sériés developed postoperative instability requir- 
ing fusion. Therefore, postoperative monitoring of 
the spine is recommended - and mandatory in chil- 
dren! 

A postsurgical myelopathy may cause progressive 
neurological détérioration in the absence of a tumor 
récurrence. A postoperative dysesthesia syndrome 
may lead to pain and dysesthesias, and may even 
progress to motor and sensory dysfunctions [171, 
253]. We observed a dysesthesia syndrome in eight 
patients and a postsurgical myelopathy in five patients 
of our sériés. Dysesthesias developed after removal 
of meningiomas in four patients. In two of these, a 
myelopathy followed, of which one was related to a 
concomitant cervical stenosis. The other dysesthesia 
syndromes were observed after surgery for a lipoma, 
an angioblastoma, an arachnoid cyst, and a schwanno- 


ma. The remaining three instances of postsurgical 
myelopathy were related to lipomas and associated 
tethered cord syndromes. 


4.4.4 

Morbidity, Récurrences, and Survival 

We observed permanent surgical morbidity in 2.3% 
of cases. Combined with the aforementioned rate for 
transient postoperative neurological détérioration in 
10% of patients, these figures combine to 12.3% of pa¬ 
tients who expérience an immédiate postoperative 
worsening of neurological functions. Of these, about 
82% will regain their preoperative status. 

Permanent surgical morbidity was lowest in the 
cervical and thoracic régions (1.7% each) compared to 
tumors in the cauda equina (3.7%). Primary surgeries 
were associated with a morbidity of 1.5%, compared 
to 5.3% for récurrent tumors (p=0.05). 

The long-term results can be analyzed according 
to clinical and radiological récurrence rates. The for¬ 
mer describe the rate of patients who expérience 
progressive neurological problems, the latter is deter- 
mined by calculating the rate of patients with 
progressive tumor growth due to a récurrent tumor or 
growth of a tumor remnant. Compared to purely in¬ 
tradural extramedullary tumors, we observed no dif¬ 
férences in clinical or radiological récurrence rates for 
tumors with extradural extension (i.e., dumbbell tu¬ 
mors). Therefore, analyses in this section are for both 
groups combined. 

According to Kaplan-Meier statistics, the overall 
récurrence rates for ail tumors were 13%, 25%, and 
32% after 1, 5, and 10 years, respectively. Schick et al. 
[231] determined the rate of récurrences for extra¬ 
medullary tumors as 14 out of 158 operated tumors 
(i.e. 8.9%). However, this figure is misleading and too 
low because survival statistics were not employed (i.e., 
varying follow-up times were not accounted for). 

A multiple régression analysis was performed to 
predict a low tumor récurrence rate after resection of 
an extramedullary tumor. The strongest predictor 
was a benign histological grade (Fig. 4.68). The other 
major influence was first rather than secondary sur¬ 
gery on a particular tumor (Fig. 4.69). Less important 
factors were the absence of arachnoid scarring, a short 
history, and a complété resection (Fig. 4.70; Tables 4.13 
and 4.14). These figures indicate that complété resec¬ 
tion of an extramedullary tumor does not automati- 
cally indicate cure of the patient [247]. 

The worse results for récurrent tumors can be at- 
tributed to a more aggressive tumor behavior on one 
side and the lower rate of complété resections on the 
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Fig. 4.69. Tumor récur¬ 
rence rates for patients with 
extramedullary tumors as a 
function of first or second- 
ary surgery (log-rank test: 
p<0.0001) 



Fig. 4.70. Tumor récur¬ 
rence rates for patients with 
extramedullary tumors as a 
function of extent of tumor 
resection (log-rank test: 
p<0.0001) 
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Table 4.13. Multivariate analysis for prédiction of a low re- Table 4.14. Tumor récurrence rates for patients with extra- 
currence rate for patients with extramedullary tumors medullary tumors 




Benign grade 

0.2025 

Benign grade 

9% 

20% 

27% 

First surgery 

0.1084 

Malignant grade 

61% 

92% 


No arachnoid scarring 

0.0729 

First surgery 

8% 

17% 

23% 

Short history 

0.0679 

Récurrent tumor 

33% 

59% 

66% 

Complété resection 

0.0651 

Complété removal 

7% 

20% 

25% 

Corrélation: r=0.3621, p<0.0001 


Subtotal removal 

31% 

48% 

59% 



other. Complété resections of récurrent tumors are 
often made difficult by tremendous arachnoid scar- 
ring resulting from the previous operation. In order 
to preserve function, incomplète resections were 
sometimes the conséquence. 

Arachnoid adhesions may not only be related to 
previous surgeries (81%), but may accompany even 
unoperated extramedullary tumors (19%; p<0.0001). 
They may obscure the cleavage plane between the tu¬ 
mor and the surrounding soft tissue - in lipomas and 
meningiomas in particular - and may cause post¬ 
operative morbidity independent of the tumor due 
to interférence with spinal cord microcirculation or 
mobility (i.e., a postoperative tethered cord). 

After 5 years, we observed récurrence rates for 
completely resected tumors of 20%, 48% after subto¬ 
tal removal, and 100% for decompressed tumors. Af¬ 
ter 10 years, the corresponding figures were 25%, 
59%, and 100%, respectively (Table 4.14). 


Looking at clinical récurrence rates, the low num- 
ber of patients affected by postoperative dysesthesia 
syndromes and myelopathies warranted no separate 
analysis. The results for malignant extramedullary 
tumors were frustrating. Whereas the overall clinical 
récurrence rate after 5 years was 20% for benign tu¬ 
mors, 61% of malignant tumors were associated with 
progressive neurological problems within 1 year and 
92% within 5 years. 

Overall survival for extramedullary tumors could 
be calculated as 95% for 1 year and 93% and 87% for 
5 and 10 years, respectively (Fig. 4.71). Mortality fig¬ 
ures were also analyzed with multiple régression. The 
strongest predictors of survival were a complété re¬ 
section (Fig. 4.72) and a benign grade (Fig. 4.73). Less 
important were female sex, a short history, first sur- 
gery, young âge, and absence of a local récurrence 
(Table 4.15). 
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Fig. 4.72. Survival rates for 
patients with extramedullary 
tumors as a function of 
extent of tumor resection 
(log-rank test: not signi- 


0.4 


50 


Time in Months 


Type of Surgery 

-Complété 

Subtotal 



Time in Months 


Fig. 4.73. Survival rates for 
patients with extramedullary 
tumors as a function of 
histological grade (log-rank 
test:p<0.0001) 


Table 4.15. Multivariate analysis for prédiction of a high sur¬ 
vival rate for patients with extramedullary tumors 



Complété resection 0.5352 

Benign grade 0.5158 

Female sex 0.3706 

Short history 0.3332 

First surgery 0.2889 

Young âge 0.1968 

No tumor récurrence 0.1559 


Corrélation: r=0.7682, p=0.0010 


4.5 

Spécifie Entities 

4.5.1 

Meningiomas 

Meningiomas are the commonest extramedullary 
intradural tumors. We hâve performed surgery on 
180 spinal meningiomas in 167 operations. Overall, 
22 operations dealt with récurrent meningiomas. 
Eight patients presented with multiple meningiomas 
and 17 patients with NF-2 [48]. In the literature, 
spinal meningiomas account for 25-46% of spinal tu¬ 
mors, with 7.5-12.7% of ail meningiomas occurring 
in the spinal canal [94], 

Extradural extensions do exist in a small number 
of cases (Fig. 4.74) and even completely extradural 
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Fig. 4.74. Sagittal (a) and axial (b) Tl-weighted MRI scans 
with contrast of a meningioma at Th6 in a 67-year-old man 
with a 3-month history of dysesthesias and a progressive para- 
paresis. The axial view demonstrates extradural extension of 
the tumor on the left side (arrowheads in b), c This intraopera¬ 


tive view after dura opening shows the tumor well encapsulated 
and the spinal cord displaced to the right. After debulking of 
the tumor (d), the remainder of the meningioma can be re- 
moved by resecting the durai attachment zone (e) together with 
the extradural component (f). (Continuation see nextpage ) 





250 4 Extramedullary Tumors 




Fig. 4.74. ( Continued ) The resulting dura defect after com- between graft and spinal cord (see Fig. 4.44 for comparison). 

plete resection (g) is closed with a fascia lata patch (h), i, j The Neurological symptoms improved considerably postopera- 

postoperative Tl-weighted MRI scans show a complété resec- tively 
tion of the tumor. Please note, however, the dense adhesions 


varieties hâve been described [3,89,138,175]. King et 
al. [138] found 2 épidural and 2 intra-extradural me- 
ningiomas among a total of 78 patients. Extradural 
components are more common in younger patients 
[48]. We hâve seen 14 meningiomas with extradural 
extension (8%). 

Patients with meningiomas tend to be the oldest 
among those with extramedullary tumors (mean±SD 
âge 58±16years; range 11-94 years). Meningiomas 
predominated among women, the ratio of females to 
males being 3.5:1. The average history until admis¬ 
sion for surgery was 17±28 months (maximum 
18 years). With the more widespread availability of 
MRI scanners since 1988, meningiomas tend to be di- 
agnosed earlier now. Even though the average âge has 
remained the same, the mean preoperative history 
has decreased significantly (31±46 months between 


1977 and 1985, and 12±14 months between 1986 and 
2003; f-test: p<0.01). Patients were followed for 
34±42 months (maximum 13 years). 

The majority of patients demonstrated a slowly 
progressive course and 51% described pain and/or 
dysesthesias as the first symptoms. The remaining 
patients complained of motor weakness and gait dis¬ 
turbances (36%) or sensory changes (12%) as the first 
symptom (Table 4.16). 

On admission, the clinical picture was dominated 
by problems of motor power and/or gait in 67% of pa¬ 
tients. Thirty-three patients presented acutely with 
severe walking disability. For only 30% of patients 
was pain and/or dysesthesias still the major com- 
plaint. Table 4.17 gives an overview of clinical symp¬ 
toms at présentation. The average Karnofsky score on 
admission was 67±16 (range 30-100). Since 1986, a 




4.5 Spécifie Entities 251 


Table 4.16. Initial symptoms of spinal meningiomas Table 4.17. Symptoms for spinal meningiomas at presenta- 




Pain 

35% 

54% 

39% 

Pain 

70% 

74% 

71% 

Gait ataxia 

21% 

9% 

19% 

Gait ataxia 

85% 

78% 

81% 

Motor weakness 

18% 

14% 

17% 

Motor weakness 

78% 

74% 

75% 

Sensory déficits 

12% 

18% 

12% 

Sensory déficits 

87% 

87% 

85% 

Dysesthesias 

12% 

5% 

12% 

Dysesthesias 

43% 

48% 

44% 

Sphincter problems 

- 

- 

- 

Sphincter problems 

37% 

57% 

40% 



Fig.4.75. Sagittal (a) and axial (b) Tl-weighted MRI scans 
with contrast of a récurrent en plaque growing meningioma 
at Thl-Th3 in a 57-year-old woman with a 15-month his- 


tory of progressive paraparesis. The meningioma has grown 
ail around the spinal cord and is spreading out cranially and 
caudally 


highly significant increase in the preoperative Kar¬ 
nofsky score has been observed (59±15 in 1977-1985 
and 70±15 in 1986-2003; f-test: p<0.0001). 

Meningiomas are observed predominantly in the 
cervical (28%) and thoracic spine (64%). Lumbar me¬ 
ningiomas are rare (8%). They are evenly distributed 
around the spinal cord and may be located anteriorly 
(26%; Fig. 4.40), posteriorly (25%) (Fig. 4.35), or later- 
ally (48%) (Figs. 4.32, 4.44, and 4.74) [89, 94, 181]. In 
the cervical area, anterior meningiomas are more 
common than in the thoracic spine (47% and 18%, re- 
spectively), whereas most of the thoracic meningio¬ 
mas are located laterally compared to the cervical 
area (55% and 38%, respectively). In the lumbar ré¬ 


gion, 55% were located posteriorly (chi-square test: 
p=0.0033). This distribution differs from a sériés by 
King et al. [138], who found predominantly latéral 
meningiomas (i.e., in 70.5% of cases). Cohen-Gadol et 
al. [48] observed a higher proportion of cervical me¬ 
ningiomas in younger patients compared to elderly 
patients. In our sériés, this was not the case. 

Of the tumors observed in our sériés, 76% demon- 
strated a tumor capsule, whereas 13% showed an en 
plaque growth pattern (Figs. 4.43 and 4.75) [80]. The 
highest number of en plaque growing tumors was 
encountered in the thoracic spine (83%). We also 
observed 15 atypical (8%; Fig. 4.76) and 4 malignant 
meningiomas (2%). Caroli et al. [29] described a lower 
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percentage (3.1%) of en plaque meningiomas among 
their sériés of 225 spinal meningiomas. Ail of these 
were in the thoracic spine. Evidence of arachnoid 
scarring was observed in 20% (9% of previously 
unoperated tumors and 86% of récurrent tumors; 
pcO.OOOl). Encapsulated tumors showed a signifi- 
cantly lower tendency for arachnoid scarring than en 
plaque growing tumors (11% and 44%, respectively; 
p=0.005) [29], 

Among patients with meningiomas, four groups 
can be distinguished according to the growth pattern 
and histology of the tumor: encapsulated, en plaque 
growing, atypical, and malignant meningiomas. They 
differ in clinical, surgical, and postoperative features. 
With encapsulated meningiomas, the preoperative 
history is almost twice as long as compared to the re- 
maining groups. Of patients with encapsulated me¬ 
ningiomas, 72% complain about gait and motor défi¬ 
cits as their major concern at the time of surgery [138]; 
just 25% mention pain or dysesthesias as their major 
problem. With en plaque growing tumors, the situa¬ 
tion is quite different, as pain and dysesthesias be- 
come more prédominant: 45% complained of pain 
and/or dysesthesias as their major clinical problem 
and 55% considered gait disturbances or motor défi¬ 
cits as their most important problem [48], With atyp¬ 
ical meningiomas, 71% are mainly concerned about 
pain and dysesthesias, while 29% are disabled by gait 


problems. With malignant meningiomas, 50% are 
troubled by pain, and the other half by gait ataxia. 

Complété tumor removal of a meningioma re- 
quires removal of the tumor mass with either resec¬ 
tion or coagulation of the durai attachment. This was 
achieved for 90% of ail meningiomas. Corresponding 
figures in the recent and older literature vary between 
78% and 98% [20, 89, 93, 94, 96, 138, 156, 178, 181, 
186, 247] and do not suggest a higher cure rate due to 
improved preoperative imaging and earlier diagnosis 
in recent years. 

Rates of resection vary among first and secondary 
operations (95% of previously unoperated patients 
and 59% of récurrent tumors) and differed according 
to the growth pattern. With encapsulated tumors, the 
rate for complété resections was 98% and dropped to 
57% for en plaque growing tumors [29], but is still 
quite high for atypical and malignant tumors, with 
75% complété resections. 

Surgical results were not significantly influenced 
by tumor position. Complété resections were achieved 
for 95% of posterior, 90% of latéral, and 86% of ante- 
rior located meningiomas. For patients with complété 
removal, the tumor matrix was resected in 57% and 
coagulated in 42%. A duraplasty was inserted in 31% 
of cases. 

Fourteen meningiomas demonstrated some degree 
of extradural extension. This is not restricted to the 



Fig. 4.76. Sagittal (a) and axial (b) Tl-weighted, contrast-en- and pain requiring six operations over a period of 13 years. 
hanced MRI images of a récurrent atypical meningioma at C7 As a resuit of previous surgeries, a CSF collection is visible 
in a 57-year-old patient with a history progressive paraparesis posteriorly ( arrowheads ). (Continuation see nextpage) 
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Fig. 4.76. (Continued) c The intraoperative view after dura 
incision laterally to the previous one avoids the arachnoid 
scarring underneath the suture line and the risk of damaging 
the spinal cord. d With piecemeal resection of the tumor a 
complété removal was achieved. e The final view demon- 
strates the coagulated dura attachment zone. Postoperatively, 
the patient showed marginal neurological improvements 
after each surgery. However, intervals between operations 
shortened with time and neurological symptoms gradually 
progressed 


spinal root sheath (Fig. 4.77) as in schwannomas, but 
may occur anywhere (Fig. 4.74). We observed no in- 
traosseous tumor growth, although the bone was 
found to be eroded in some of these patients. Removal 
of these meningiomas required a duraplasty to recon- 
struct the inévitable dura defect in laterally located 
tumors only. With anterior dura defects, no recon¬ 
struction was required. 

About 20% of meningiomas in our sériés were ac- 
companied by arachnoid scarring. This figure was 
lower for encapsulated tumors (11%), but considerably 


higher for en plaque (44%) or récurrent tumors (86%; 
Fig. 4.78). Apart from postsurgical arachnoid scar¬ 
ring, we consider mechanical irritation of the lepto- 
meninges due to spinal cord movements as the most 
likely explanation for arachnoid changes in unoper- 
ated patients [156], Such arachnoid scarring can make 
dissection of a meningioma quite difficult as it may 
obscure the exact tumor limits or engulf important 
spinal cord vessels. Therefore, the rate of complété re¬ 
sections is lower in this subgroup (72%). Arachnoid 
scarring may cause spinal cord tethering and contrib- 
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Fig. 4.77. Sagittal (a) and axial (b) Tl weighted, contrast- 
enhanced MRI images of a meningioma at C7-Thl on the 
left side in a 41-year-old woman with a 6-month history of 
pain and a slight gait ataxia. c This intraoperative view after 


hemilaminectomy, and dura and arachnoid opening shows the 
tumor between the posterior and anterior nerve root. After co¬ 
agulation of the capsule (d) and debulking (e), the tumor mass 
could be removed (f). (Continuation see nextpage) 
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Fig. 4.77. ( Continued ) g The latéral dura attachment zone 
extended into the root sleeve with a small extradural tumor 
component. After resection of the dura attachment zone, 
a fibrin sponge was placed underneath the nerve root (h) 
and the dura defect closed with Tachobil® (I; arrowheads). 
The postoperative sagittal (j) and axial (k) Tl-weighted 
MRI images demonstrate the complété resection of the 
tumor. The neurological symptoms and pain improved 
postoperatively 
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ute to neurological symptoms independently from 
the meningioma. It may lead to pain, dysesthesias, or 
progressive spinal cord damage due to interférence 
with spinal cord blood flow [129, 156, 163, 219] and 
meningeal irritation. Postoperatively, it may even 
mimic a tumor récurrence with progressive motor 
weakness and sensory disturbances [150, 163, 247, 
251, 272], Such a dysesthesia syndrome was observed 
in four patients, and progressed to myelopathy in two 
patients of this study. 

Complications occurred in 9% of patients and were 
more common in secondary operations due to a high- 
er proportion of CSF fistulas (8% with first operations 
and 23% with récurrent tumors). A transient postop- 
erative worsening of symptoms was experienced by 
14% of patients, but ail recovered within 6 months af- 
ter surgery. The rate of permanent surgical morbidity 
was 1.2% for ail meningiomas combined. For encap- 
sulated meningiomas, this figure was 0.8%, for en 
plaque meningiomas 4.3%, and for récurrent menin¬ 
giomas 9.1%. For first operations on a particular tu¬ 
mor there was no permanent morbidity at ail. The 
surgical mortality rate was 2.8%. In the literature, 
mortality rates vary between 1.0% and 5.3% [48, 89, 
93, 96,119,186, 247]. 

In general, patients benefited considerably from 
surgery. For each and every symptom, postoperative 
improvements can be expected. Significant recoveries 
were observed for patients with severe preoperative 


déficits even before the advent of the operative micro¬ 
scope [20, 21, 40, 44, 48, 52, 53, 89, 94, 96, 114, 119, 
131,138,150,171,181,186, 251], Likewise, elderly pa¬ 
tients can expect a favorable prognosis with resection 
of a spinal meningioma. In a sériés of 30 patients over 
70 years of âge, every patient showed neurological im- 
provement postoperatively [181]. 

In this sériés of 33 patients unable to walk preop- 
eratively, 18 regained this ability within a few days or 
after réhabilitation programs within 1 year. Even two 
of three patients with no preoperative motor function 
demonstrated some postoperative recovery, but not to 
an extent that allowed walking. Of 17 patients with 
severe preoperative bladder dysfunctions, seven re¬ 
gained control postoperatively. 

However, there are risk factors that may argue 
against such a favorable outcome (Table 4.18): arach- 
noid scarring, a tumor récurrence, a dysesthesia syn¬ 
drome, an anteriorly located tumor, a low preopera¬ 
tive Karnofsky score, a short history, and a cervical 
level predict a worse postoperative Karnofsky score 
after 1 year. 

Table 4.19 provides an overview of the postopera¬ 
tive course of spinal meningiomas related to their lo- 
calization. It appears that anterior meningiomas hâve 
a slightly worse outcome and that patients with poste- 
rior meningiomas recover faster compared to the 
other subgroups. 



Fig. 4.78. Sagittal (a) and axial (b) Tl weighted, contrast-enhanced MRI images of a récurrent meningioma at C3 in a 44-year- 
old woman with a 4-month history of motor weakness of her right arm. (Continuation see nextpage) 
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Fig. 4.78. ( Continued ) c This intraoperative view after dura 
and arachnoid opening, taken with the patient in the semisit- 
ting position, shows the tumor right above the durai sleeve 
of the C4 nerve root, d Dissecting adhesions between nerve 
root and tumor, the root could finally be mobilized medially 
with a microdissector. Using microscissors, the tumor could 
gradually be freed of adhesions (e) and removed (f ). g This 
final view demonstrates the complété resection of this me- 
ningioma. Neurological symptoms recovered postoperatively 
with no récurrence for 5 years 
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No arachnoid scarring 0.5029 

No tumor récurrence 0.3217 

No dysesthesia syndrome 0.2916 

Posterior localization 0.2621 

High preoperative Karnofsky score 0.2134 

Short history 0.1977 

Low spinal level 0.1893 

Corrélation: r=0.8690, p=0.0002 


Table 4.18 . Multivariate analysis for prédiction of a high 
postoperative Karnofsky score for patients with spinal 
meningiomas 



Table 4.19. Clinical course for 
patients with spinal meningiomas 
related to tumor position 


Pain 

Anterior 

Latéral 

Posterior 

Hypesthesia 

Anterior 

Latéral 

Posterior 


3.2±1.0 3.830.7 4.130.7 4.1±0.7 

3.7±1.1 4.2±0.7 4.4±0.7 4.5±0.8 

3.9±1.0 4.230.8 4.530.6 4.5±0.6 


3.33:1.1 

3.13.1.1 

3.330.7 


3.631.2 

3.431.3 
4.030.8 


3.931.2 

3.931.4 

4.430.7 


3.931.2 

4.031.4 

4.430.8 


Dysesthesias 

Anterior 

Posterior 

Gait 

Anterior 

Posterior 

Motor power 
Anterior 
Latéral 
Posterior 


4.031.1 

4.031.1 

4.130.9 


4.430.9 4.630.7 4.630.7 4.630.9** 

4.430.8 4.530.7 4.530.8 4.430.9* 

4.430.7 4.630.5 4.630.5 4.630.6** 


3.231.3 

3.531.2 

3.331.0 


3.431.3 

3.731.3 
3.830.7 


3.931.2 

4.131.2 
4.230.9 


3.931.3 3.931.2** 

4.231.0 4.331.0** 

4.431.1 4.331.2** 


3.431.2 

3.531.3 
3.431.1 


3.731.1 

3.831.3 

4.030.7 


4.131.1 

4.231.1 
4.330.7 


4.331.0 4.331.0** 

4.431.0 4.431.0** 

4.530.8 4.431.2** 


Sphincter function 
Anterior 
Latéral 
Posterior 


4.630.7 4.331.2 

4.131.2 4.331.1 

4.330.9 4.530.7 


4.830.7 
4.530.9 

4.630.7 


4.531.2 


Karnofsky score 
Anterior 
Latéral 
Posterior 


64319 

69316 

68313 


65318 

73317 

73311 


72317 

78316 

77315 


75316 

80316 

83315 


74318* 

82317** 

83317** 


Statistically significant différence between preop 
tively: *p< 0.05, **p<0.01 


year postopera- 
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Table 4.20. Multivariate analysis for prédiction of a low 
récurrence rate for spinal meningiomas 



Histological grade 0.2997 

No arachnoid scarring 0.1501 

Complété resection 0.1099 

Long history 0.0906 

Posterior localization 0.0860 

High preoperative Karnofsky score 0.0816 

Female sex 0.0546 


Corrélation: r=0.4631, p<0.0001 


Table 4.21. Récurrence rates for spinal meningiomas 


Total 11% 

Complété 7% 

± dura resection 
Complété 6% 

± dura coagulated 
Subtotal 47% 

First surgery 5% 

Récurrent tumor 50% 

Encapsulated 1% 

En plaque 34% 

Atypical 50% 

Malignant 50% 


25% 31% 

17% 25% 

22% 22% 

79% 79% 

17% 24% 

75% 75% 

8% 17% 

59% 59% 

100% 

100% 


Fig. 4.79. Tumor récurrence 
rates for spinal meningiomas 
as a function of extent of 
tumor resection (log-rank 
test:p=0.0004) 



Time in Months 


Predisposing factors for récurrences of spinal me¬ 
ningiomas are: a high histological grade, arachnoid 
scarring at surgery, subtotal resection, a short history, 
a ventral localization of the tumor, a low preoperative 
Karnofsky score, surgery on a récurrent tumor, and 
female sex (Table 4.20). Table 4.21 provides an Over¬ 
View of récurrence rates of spinal meningiomas and 
their subgroups. For ail meningiomas combined, ré¬ 
currence rates of 11%, 25%, and 31% were calculated 
after 1,5, and 10 years, respectively. These récurrence 
rates are similar to those for intracranial meningio¬ 
mas, even though spinal meningiomas appear to dis¬ 
play less proliférative potential, as determined by pro¬ 
lifération markers [221], For completely resected 
meningiomas, no différence appeared related to the 
way the dura attachment was handled (Fig. 4.79) [20, 


138,247]. A tremendous différence in récurrence rates 
appeared when comparing first and secondary opera¬ 
tions (Fig. 4.80) and encapsulated, en plaque, atypi¬ 
cal, and malignant meningiomas (Fig. 4.81). Accord- 
ing to these analyses, the best results can be expected 
for encapsulated tumors. For récurrent meningiomas, 
regardless of localization, 42% required another op¬ 
eration within 5 years and 56% within 10 years. 

Parsa et al. [204] described higher récurrence rates 
for patients under 50 years of âge (20%) compared to 
older patients (5%). Similar figures were described by 
Cohen-Gadol et al. [48], with récurrence rates of 22% 
and 5%, respectively. Both studies concluded that 
younger patients hâve a worse long-term prognosis 
compared to patients of advanced âge. In our analysis, 
âge did not evolve as an independent factor. Schick et 
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Time in Months 


Fig. 4.80. Tumor récur¬ 
rence rates for spinal menin- 
giomas after first or second- 
ary surgery (log-rank test: 
p<0.0001) 



Fig. 4.81. Tumor récurrence 
rates for spinal meningiomas 
as a function of growth pat¬ 
tern and histological grade 
(log-rank test: p<0.0001) 


al. [231] reported a figure of 8.9%, with récurrences 
occurring between 29 to 118 months after surgery. 
They did not apply Kaplan-Meier statistics, however. 
King et al. [138] observed one récurrence among 78 
operated tumors, 14 years after surgery. Solero et al. 
[247] reported a tumor récurrence rate of 6% for com- 
pletely and 17% for partially removed tumors. Mc- 
Cormick et al. [171] described a récurrence rate of 
10-15%. Using Kaplan-Meier analysis to détermine 
tumor récurrence rates, Mirimanoff et al. [178] gave a 
figure of0% after 5 years, but 13% after 10 years. They 
observed lower récurrence rates for spinal as com- 
pared to intracranial meningiomas, due to the higher 
rate of complété resections in spinal cases. 

The first surgeon to operate on a meningioma will 
hâve the best chance to provide a long-term benefit 


for the patient. With each subséquent operation, the 
chances for improving or at least stabilizing the pa¬ 
tient s condition will diminish. 


4.5.2 

Nerve Sheath Tumors 

We hâve observed a total of 225 extramedullary nerve 
sheath tumors. Of these, 158 were located intradu- 
rally and the remaining 67 tumors extended extradu- 
rally (i.e., dumbbell tumors). Schwannomas and neu- 
rofibromas can be distinguished in this category. 
Apart from patients with NF type 1 (NF-1) who pre- 
sented neurofibromas, schwannomas were encoun- 
tered in the remainder. The average patient âge was 
44±16 years (range 10-79 years) [50], We observed an 
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equal sex distribution. The average patient history 
until surgery was 23±33 months (maximum 15 years). 
The average Karnofsky score was 72±14. Patients were 
followed for 43±47 months (maximum 15 years). 

Schwannomas did not occur along the entire spi¬ 
nal axis in equal proportions. Cervical and lumbar 
localizations prédomina te this sériés: 41% of opera¬ 
tions were performed in the cervical, 29% in the tho- 
racic, 29% in the lumbar, and 1% in the sacral région. 
Similar distributions hâve been reported in the litera- 
ture [6, 24, 27, 33, 50, 61, 82, 97, 119, 157, 191, 226], 
Intradural schwannomas were slightly more common 
in the thoracic and lumbar spine, whereas dumbbell 
tumors were encountered predominantly in the cer¬ 
vical area [61,100,127], 

With nerve sheath tumors, two patient and two 
tumor populations hâve to be distinguished: those 
with and without NF, and intradural and dumbbell 
schwannomas. Forty-six operations dealt with 
schwannomas in NF-2 patients, and 10 surgeries were 
performed for patients with NF-1 harboring neurofi- 
bromas [188]. Patients with NF-2 were significantly 
younger than those without (29±12 and 49±15 years, 
respectively; p<0.0001), the average history until 
admission for surgery was significantly shorter 
(11 ±22 months and 27±35 months, respectively; 
p=0.0008), and the preoperative Karnofsky score low- 
er (68±15 and 74±13, respectively; p=0.0137). 

Most patients without NF demonstrated a slowly 
progressive course. One patient presented a history of 
15 years. For the majority of patients, the first symp- 
tom noted was pain (77%) [24, 33, 50,61,71, 75,82,97, 
100,103,113,127,157,161,191,219,234], with ail oth- 
er symptoms rarely reported as the first indicator of 
the tumor (Table 4.22). On admission, 63% of patients 
still reported pain as their main concern. For the re- 
mainder, gait ataxia (24%), motor weakness (8%), or 
dysesthesias (3%) predominated. 

Whereas schwannomas are encountered in pa¬ 
tients with NF-2 and in patients without NF, neurofi- 
bromas are found in patients with NF-1 [102], NF-1 is 
an autosomal dominant disease that is linked to a ge- 
netic defect on chromosome 17 [184, 187, 210, 263]. 


Tumors of the spinal canal are not a regular feature of 
NF-1 [191]. Huson et al. [116] described 2 spinal neu- 
rofibromas among 135 patients with NF-1. However, 
multiple spinal neurofibromas do occur (Fig. 4.82), 
and in patients with additional spinal deformities, the 
incidence of spinal tumors was found to be higher 
(37%) [215]. Apart from neurofibromas, malignant 
nerve sheath tumors, optic nerve gliomas, rhabdo- 
myosarcomas, pheochromocytomas, and carcinoid 
tumors are described [203]. Of patients in our sériés 
with NF-1, 40% complained about pain as their first 
manifestation, while 30% mentioned gait and motor 
déficits as the first symptom. On admission, 40% were 
concerned about gait ataxia and 30% about motor 
déficits or pain. 

NF-2 is an autosomal dominant disorder that is 
linked to a genetic defect on chromosome 22 [184, 
187, 211], Spinal tumors can be found in about 90% of 
patients with NF-2 [169, 205], Schwannomas are the 
commonest spinal nerve sheath tumor in NF-2 [56, 
102, 169], Other tumors associated with NF-2 are 
acoustic schwannomas, neurofibromas, ependymo- 
mas, astrocytomas, and meningiomas [56, 203]. The 
phenotypic expression of the NF-2 gene varies from 
patient to patient, and so the clinical courses of pa¬ 
tients harboring multiple spinal schwannomas vary. 
Therefore, patients with NF-2 should undergo yearly 
MRI scans of the entire spinal canal. Genotypic sub- 
typing has not provided additional prognostic infor¬ 
mation that could be used in the management of these 
patients [56], Spinal deformities and instabilities are 
common and may require additional stabilizations 
[137] (Fig. 4.83). 

In our opinion, diagnosis of a spinal schwannoma 
in NF-2 patients does not imply an indication for sur¬ 
gery per se. Often, multiple tumors will be encoun¬ 
tered throughout the entire spinal canal without ap¬ 
parent growth for several years or corresponding 
neurological déficits [56, 65, 169]. In a large analysis 
on NF-2, Mautner et al. [169] reported that only 33% 
of spinal tumors actually caused symptoms. In a Brit- 
ish study on 41 patients with NF-2 and spinal tumors, 
extramedullary tumors larger than 5 mm showed a 


Table 4.22. Initial symptoms for 
spinal nerve sheath tumors. 


Pain 68% 

Gait ataxia 16% 

Motor weakness 8% 

Sensory déficits 3% 

Dysesthesias 5% 


Sphincter problems 


63% 77% 43% 

15% 9% 33% 

10% 5% 17% 

2% 2% 

10% 8% 2% 

2% - 2% 


67% 

16% 

8% 

2% 

6% 

1 % 


Abbreviation: NF-2 = neurofibromatosis type 2 
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Fig. 4.82. These coronal T2-weighted images ofthe 
lumbar (a), thoracic (b), and cervical spine (c) of a 17-year- 
old patient with neurofibromatosis type 1 demonstrate 
numerous neurofibromas on virtually every spinal nerve 
root. The symptomatic ones causing spinal cord compres¬ 
sion were situated at C1-C3 (d). e This axial Tl-weighted, 
contrast-enhanced scan shows bilateral cord compression 
and widening of both neuroforamina from dumbbell 
tumors. f, g These oblique X-rays demonstrate the widened 
foramina at Cl/2 and C2/3, the remaining foramina being 
of normal size despite further neurofibromas on each 
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Fig. 4.83. This 29-year-old patient with NF-2 and multiple 
schwannomas in his upper cervical spine compressing the 
cord from both sides, as seen on these sagittal (a) and axial (b) 
Tl-weighted, contrast-enhanced MRI scans, underwent cervical 
laminectomies and subtotal resections of these tumors. Within 
a few weeks after surgery he developed a swan neck deformity, 
requiring extensive cervical fusion (c) 


higher likelihood of progression than smaller tumors 
(36% and 0%, respectively). We recommend obser¬ 
vation of patients clinically and neuroradiologically 
using MRI with gadolinium enhancement [56, 65, 
158, 169, 184, 233] with absent or mild neurological 
symptoms in 6- to 12-month intervals. If neurological 
signs clearly progress, surgery should be targeted at 
the tumor that is most likely responsible for it. Like- 
wise, significant tumor growth proven by repeated 
MRI scans provides an indication for surgery. Radio- 
logical follow up should cover the entire spine [56, 
169], 


The NF2-patient should be informed that symp- 
tomatic schwannomas tend to grow faster and are 
more likely to infiltrate nerve roots, and thus tend to 
progress to severe neurological déficits sooner. Due to 
their larger size and multiplicity, complications are 
more likely and issues such as postoperative instabil- 
ity or vertébral anomalies requiring additional stabi- 
lizing operations will need to be addressed subse- 
quently (Fig. 4.83) [113,158,184, 225, 233], 

Pain was noted as the first symptom in only 43% of 
NF-2 patients, while gait ataxia (33%) or motor weak- 
ness (17%) were mentioned more often from the be- 
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ginning (p<0.0001; Table 4.22). On admission, 55% of 
NF-2 patients complained about gait ataxia as the ma¬ 
jor problem, 31% about pain, and 10% about motor 
weakness (p=0.0027). NF-2 patients were more likely 
to présent a significant neurological déficit than pa¬ 
tients without NF-2. The average scores for motor 
weakness (3.7+1.1 and 4.1±1.0, respectively; p=0.046) 
and gait ataxia (3.7±1.1 and 4.1±1.0, respectively; 
p=0.025) were significantly lower for NF-2 patients, 
while the score for pain was significantly higher com- 
pared to patients without NF-2 (3.7±1.0 and 3.1±0.8, 
respectively; p<0.0001). The average Karnofsky score 
on admission was significantly lower for NF-2 pa¬ 
tients (68±15 and 74±13, respectively; p=0.0097), in- 
dicating that 86% of patients without NF-2 were still 
able to ambulate without assistance, whereas 33% of 
NF-2 patients were not. 

Table 4.23 gives an overview of the clinical présen¬ 
tations of patients with spinal schwannomas. We ob- 
served no significant différences in clinical history 
and présentation between schwannomas with and 
without extradural extension. Jinnai et al. [127] pre- 
sented a sériés of 149 patients with spinal schwanno¬ 
mas and reported that intradural tumors were more 
likely to présent myelopathic problems, whereas tu¬ 
mors with extradural extension showed radicular 
déficits. 

In NF-2, 95 schwannomas were removed in 43 op¬ 
erations, with multiple tumors encountered during 
20 operations (Figs. 4.83-4.85). In 7 NF-1 patients, 
20 neurofibromas were resected in 10 operations 
(Fig. 4.82). In 86 patients without NF, only 3 patients 
were observed with 2 schwannomas each (Fig. 4.86). 
Overall, 23 operations dealt with a récurrent 
schwannoma (Fig. 4.87). Arachnoid scarring associ- 
ated with the tumor was encountered during 21% of 
operations for intradural and 17% for dumbbell tu¬ 
mors. They were particularly common with récurrent 
tumors (65%). 

Whether dumbbell schwannomas can be removed 
via standard posterior approaches or require modi- 
fied approaches or even staged operations from ante- 


rior and posterior dépends on the extent of the intra- 
and extradural portion of the tumor. Most of them 
can be managed with standard posterior operations 
(Figs. 4.39, 4.47, 4.85, and 4.87). However, in rare in¬ 
stances dumbbell schwannomas may not présent as 
encapsulated tumors, but may almost appear to infil- 
trate surrounding structures (Fig. 4.88). In our sériés, 
ail but one dumbbell schwannoma at C4/5 were re¬ 
moved posteriorly. For significant extradural exten¬ 
sions, techniques hâve been described to avoid a 
staged operation and to achieve an entire resection 
with one approach. Ryu et al. [224] removed the intra¬ 
dural part of a cervical tumor at C4/5 via the grossly 
enlarged neuroforamen, avoiding any posterior bony 
removal. George described an antérolatéral approach 
to the cervical spine that he has used for a number of 
pathologies including dumbbell schwannomas. In 
this book, this approach is described in the section on 
bone tumors [85-88]. Fiumara et al. [72], Grillo et al. 
[98], and Shadmehr et al. [237] described a combined 
approach for the removal of thoracic tumors with ex¬ 
cellent results. McCormick [170] described a sériés of 
12 thoracic and lumbar tumors of this type that were 
managed from a latéral extracavitary approach. They 
succeeded in achieving a complété resection in 11 in¬ 
stances. Shadmehr et al. [237] used a posterior thora- 
cotomy combined with foraminotomy, hemilaminec- 
tomy, or laminectomy to achieve complété resections 
in single-stage operations of 13 thoracic dumbbell 
tumors of spinal nerve sheaths. 

In our sériés, complété tumor removal was achieved 
for 87% of patients, with subtotal removals in 12% 
and décompressions in 1% [61]. The affected nerve 
root was resected with the tumor in 86% of cases 
(Figs. 4.37, 4.41, 4.45, and 4.47) and preserved in 14% 
of cases (Figs. 4.36, 4.39, 4.46, 4.84, 4.85, and 4.87). A 
duraplasty was inserted in 23% of ail operations - 
mostly in récurrent tumors and dumbbell tumors 
(Figs. 4.39 and 4.85). 

Analyses of subgroups among schwannomas 
showed that complété removals were obtained for 
63% with arachnoid scarring, 52% of récurrent 


Table 4.23. Symptoms for spinal 
nerve sheath tumors at présentation 


Pain 87% 

Gait ataxia 62% 

Motor weakness 63% 

Sensory déficits 73% 

Dysesthesias 42% 


Sphincter problems 28% 


85% 93% 71% 

59% 56% 73% 

68% 62% 71% 

78% 75% 73% 

44% 49% 27% 

22% 31% 15% 


87% 

61% 

64% 

74% 

43% 

27% 
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Fig. 4.84. Sagittal (a) and axial (b) Tl-weighted, contrast- 
enhanced MRI scans of a 22-year-old NF-2 patient with 
multiple lumbar schwannomas. The clinically relevant 
tumor was at L2, causing pain and sensory déficits in both 
legs, c This intraoperative view after dura and arachnoid 
opening shows the tumor with the remaining nerve roots 
mobilized to the left. Only this tumor was resected (d), 
while the remaining tumors were left untouched to avoid 
any neurological déficits (e) 
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Fig. 4.85. Sagittal midline (a) and paramedian (b) Tl- 
weighted, contrast-enhanced MRI scans of multiple cervical 
dumbbell schwannomas in a 66-year-old NF-2 patient with a 
6-month history of progressive tetraparesis. The axial T2- 


weighted scans at C4 (c) and C5 (d) show tumors compressing 
the cord bilaterally. At C2/3 (e) and Cl/2 (f), ventral dumbbell 
tumors push the spinal cord posteriorly. (Continuation see next 
page) 
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Fig. 4.85. g This intraoperative overview, taken with the pa¬ 
tient in the semisitting position after laminotomy at C1-C4 
and reexposure at C5 and C6, demonstrates the épidural scar- 
ring in the lower half (black arrowhead) and the enlarged C2 
nerve roots bilaterally (white arrowheads). h After dura open- 
ing in the midline, dense adhesions were found underneath 
the suture line. These had to be resected. i After arachnoid dis¬ 


section at the level of the previous surgery, the tumors under¬ 
neath the posterior nerve roots were visible compressing the 
cord from both sides. j With transection of the tumorous pos¬ 
terior rootlet on the left side, the first schwannoma could be 
mobilized, debulked, and resected. Mobilization of the tumor 
on the right (k) exposed the originating rootlet of this tumor 
(I). (Continuation see nextpage ) 
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Fig. 4.85. m After resection of these schwannomas 
at this level, décompression of the cord was évident. 
Note the dentate ligaments on both sides ( arrow- 
heads) separating the anterior and posterior roots, 
n The upper part of the exposure shows the cord 
pushed posteriorly by anterior located tumors at C2. 
o At this level, dentate ligaments were eut on both 
sides before sufficient space was available to debulk 
(p) and remove this tumor on the left side. q This 
view shows the completely decompressed spinal 
cord after resection of the intraspinal parts of seven 
schwannomas between C2 and C6 with préservation 
of posterior and anterior roots. (Continuation see 
nextpage) 


schwannomas, 74% of dumbbell tumors, and 87% of 
patients with NF-2. Without these features, a com¬ 
plété resection was achieved for 98% of patients. The 
results for NF-2 patients reflect our more conserva¬ 
tive strategy for these patients compared to those 
without NF-2. In the former, the systemic disease may 
affect any nerve root any time, regardless of the surgi- 
cal resuit for a particular tumor. Therefore, we con- 
sider it unjustifiable to expose a patient with NF-2 to 
unnecessary risks to loose function as a resuit of sur- 
gery. Quite commonly, one will find that multiple 


nerve roots are affected with tumors or appear abnor¬ 
mal on inspection. In NF-2, préservation of function 
is the major objective and not radicality for an indi- 
vidual tumor (Figs. 4.39 and 4.85). 

Complications occurred in 12% of operations. We 
observed a trend for higher complication rates in 
NF-2 patients (16%). A transient postoperative neuro- 
logical worsening was observed in 10% of patients, 
with recovery within a maximum of 6 months [40], 

We hâve resected a cervical or lumbar nerve root 
together with the tumor in 89 instances. A transient 
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Fig. 4.85. ( Continued ) A Gore-Tex® duraplasty was inserted 
in the lower part of the exposure (r) and the laminae of C2 and 
C3 reinserted with miniplates (s). The postoperative sagittal 


(t) and axial MRI scans at C2 (u) and C5 (v) show no residual 
tumors. Postoperatively, the patient demonstrated an aggrava¬ 
tion of her ataxia on the left side with subséquent recovery 


neurological déficit was observed in 9% of these pa¬ 
tients and a permanent déficit in 1 patient. No perma¬ 
nent postoperative morbidity occurred in patients in 
whom the nerve root could be preserved. These figures 
correspond to those in the literature documenting that 
transection of a nerve root in the cervical or lumbar 
area will not be followed by an additional, permanent 
neurological déficit in the overwhelming number of 
cases [33,103,157,170,179,234] even after resection of 
dorsal and posterior roots [179], McCormick [170] did 
not observe permanent déficits after transection of 
nerve roots carrying even dumbbell tumors. Destruc¬ 
tion of the root by the schwannoma and concomitant 
innervation frorn neighboring nerve roots seem to of- 


fer the best explanations for this observation [105,179, 
234], This hypothesis has been substantiated recently 
by a neuropathological analysis of nerve stumps re- 
moved with spinal schwannomas in 13 patients. Tu- 
mor-carrying nerves are in a process of degeneration, 
with signs of attempted régénération and remyelin- 
ation [105]. Furthermore, the overwhelming majority 
of tumors originate from posterior nerve roots. Jinnai 
et al. [127] found 6 schwannomas of ventral nerve roots 
compared to 170 tumors of posterior roots. 

However, in a patient with a preoperative motor 
déficit attributable to the root carrying the tumor, the 
situation may be more complex. Especially with ex¬ 
tradural extension and patients with NF-2, the lilceli- 
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Fig. 4.87. Oblique X-ray of the cervical spine (a) and coronal patient with a 9-month history of radicular pain, and sensory 
Tl-weighted, contrast-enhanced MRI (b) of a récurrent dumb- and motor disturbances. (Continuation see nextpage) 
bell schwannoma at C5/6 on the right side in a 56-year-old 


hood of a permanent déficit with resection of that 
root or even spinal nerves will be higher. It should be 
discussed with the patient before operation how to 
proceed if préservation of function is only possible for 
the price of incomplète resection. Several points hâve 
to be considered in this instance. On the one hand, 
transection carries the risk of a permanent, possibly 
significant neurological déficit. Most patients with 


NF-2 and multiple neurological problems associated 
with other tumors will not accept additional déficits 
from surgery. On the other hand, récurrence of the 
tumor with permanent complété damage of that root 
at some time in the future is inévitable after incom¬ 
plète removal of the schwannoma, and chances for 
radical resection are considerably reduced at a subsé¬ 
quent second attempt. 
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Fig. 4.87. (Continued) c This CT demonstrates bony érosion 
on the right side involving the canal of the vertébral artery. 
d This intraoperative view after dura and arachnoid opening 
in the semisitting position shows the intradural component of 
this schwannoma compressing the spinal cord. After resection 


of this part with préservation of the root (e; arrowhead) the 
épidural component was removed and the durai sleeve packed 
with a fibrin sponge (f; arrowhead) for hemostasis. The neuro- 
logical symptoms improved postoperatively 


Overall surgical morbidity was 2.3%, with no dif¬ 
férences between patients with or without NF-2. Sur¬ 
gical morbidity was slightly higher for tumors with 
extradural extension compared to purely intradural 
tumors (3.4% and 1.9%, respectively). There was no 
surgical mortality among extramedullary schwanno- 
mas. 

To predict a high postoperative Karnofsky score 
after 1 year, a multiple régression analysis was applied. 


Independent factors are the absence of NF-2, a high 
preoperative Karnofsky score, first surgery on a nerve 
sheath tumor, young âge, no arachnoid scarring 
[113, 150], and no tumor récurrence (Table 4.24). 
Table 4.25 gives an overview of the clinical outcome in 
the first postoperative year for patients with and with¬ 
out NF-2. Without NF-2, surgery of a spinal extra¬ 
medullary schwannoma is one of the most gratifying 
operations, with postoperative improvements for each 
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Fig. 4.88. Sagittal (a), coronal (b), and axial (c) Tl- 
weighted MRI scans of a dumbbell schwannoma at Th2- 
Th5 in a 37-year-old woman with a 4-month history of 
pain and a slight paraparesis. This tumor displays a diffuse 
infiltrative pattern growing around the durai sac and spread- 
ing caudally and cranially similar to an en plaque menin- 
gioma. After complété resection pain improved, leaving 
the remaining neurology unchanged. A récurrence occurred 
after 3 years, requiring a second operation 


Table 4.24. Multivariate Analysis for prédiction of a high 
postoperative Karnofsky score for spinal nerve sheath tumors 



No NF-2 0.5992 

High preoperative Karnofsky score 0.3224 

First surgery 0.3098 

Young âge 0.2482 

No arachnoid scarring 0.1236 

No récurrence 0.1079 


Corrélation: r=0.8162, p<0.0001 


symptom [50,61,127]. The Karnofsky score increased 
significantly postoperatively in patients without NF-2 
(73±13 to 89±9; p<0.000l, t -test for paired variables). 
In patients with NF-2, postoperative clinical results 
were not as favorable compared to patients without 
NF-2 [50]. Even though patients with NF-2 demon- 
strated more advanced neurological déficits, they still 
benefited significantly from operation. The average 
Karnofsky score increased from 68±16 to 75±17. 

A multiple régression analysis was performed to 
détermine the risk factors for a tumor récurrence (Ta¬ 
ble 4.26). A complété resection was by far the most 
important determinator (Fig. 4.89). Préservation of 
the nerve root was not associated with an increased 
risk for récurrence if the tumor had been resected 
completely. Other factors predicting a low récurrence 
rate were first surgery (Fig. 4.90), high spinal level, no 
NF-2 (Fig. 4.91), intradural tumor (Fig. 4.92), and a 
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Ta b I e 4.2 5. Clinical course for 
patients with extramedullary 
nerve sheath tumors 


Symptom 

Pre¬ 

operative 

Post¬ 

operative 

3 Months 
postop. 

6 Months 
postop. 

1 Year 
postop. 

Pain 

No NF-2 

NF-2 

2.9±0.8 

3.7±1.0 

3.7 ±0.6 

4.1+0.6 

4.4+0.5 

4.4+0.6 

4.6+0.5 

4.4+0.6 

4.6+0.5** 

4.3+0.9* 

Hypesthesia 

No NF-2 

NF-2 

3.6±0.9 

3.7±0.8 

4.0+0.8 

3.9+1.0 

4.3+0.8 

4.1+1.0 

4.4+0.8 

4.1+1.0 

4.4+0.7** 

4.1+1.2 

Dysesthesias 

No NF-2 

NF-2 

3.9+1.0 

4.4±1.0 

4.2+0.7 

4.7+0.6 

4.6+0.6 

4.9+0.3 

4.6+0.6 

4.9+0.3 

4.6+0.7*“ 

4.9+0.3* 

Gait 

No NF-2 

NF-2 

4,0±1.0 

3.7+1.0 

4.0+1.0 

3.9+1.0 

4.4+0.8 

4.0+0.9 

4.5+0.7 

4.1+0.9 

4.7+0.6** 

4.1+1.1 

Motor power 

No NF-2 

NF-2 

3.8+1.0 

3.5+1.1 

4.0+1.1 

3.8+1.0 

4.4+0.9 

4.0+1.0 

4.6+0.8 

4.0+1.1 

4.6+0.8** 

4.0+1.3* 

Sphincter fonction 

No NF-2 

NF-2 

4.4+0.9 

4.7+0.7 

4.5+0.9 

4.8+0.5 

4.7+0.6 

4.9+0.4 

4.7+0.6 

4.9+0.5 

4.8+0.6** 

4.8+1.0 

Karnofsky score 

No NF-2 

NF-2 

73+13 

68+16 

76+15 

71+17 

84+11 

73+15 

87+9 

75+14 

89+9** 

75+17* 


Statistically significant différence between preoperative status and 1 year postopera- 
tively: *p< 0.05, **p<0.01 


Table 4.26. Multivariate analysis for prédiction of a low 
récurrence rate for spinal nerve sheath tumors 


1 Factor 

p-value 

Complété resection 

0.4392 

First surgery 

0.1949 

High spinal level 

0.1323 

No NF-2 

0.1306 

Intradural tumor 

0.0964 

Short history 

0.0778 


Corrélation: r=0.6032, p<0.0001 


short history. Table 4.27 gives an overview of tumor 
récurrence rates for these subgroups of nerve sheath 
tumors. The overall récurrence rates for schwanno- 
mas after 1, 5, and 10 years were 8%, 17%, and 20%, 
respectively. Récurrence rates for schwannomas and 
neurofibromas were given by Schicket al. [231]. With- 
out applying Kaplan-Meier statistics, they obtained a 
rate of 9.1%. 

Finally, we hâve encountered a malignant 
schwannoma between Thl and Th5 in a 62-year-old 
woman with a 3-month history of pain and moderate 
sensory loss. After subtotal resection of this tumor 
the patient improved with postoperative chemo- and 
radiotherapy. However, a récurrence caused a rapid 
paraparesis after 7 months, necessitating a second 
operation. This operation again obtained a subtotal 
resection. However, the postoperative stabilization of 
her neurological status was short lived. She developed 
another regrowth and finally died 14 months after 
the first operation. 
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Type of Surgery 

-Complété - Root 

-Complété + Root 

Subtotal 


Fig. 4.89. Tumor récur¬ 
rence rates for spinal nerve 
sheath tumors as a function 
of the amount of tumor 
resected (log-rank test: 
p<0.0001) 



Fig. 4.90. Tumor récur¬ 
rence rates for spinal nerve 
sheath tumors as a function 
of first or secondary surgery 
(log-rank test: p<0.0001) 


-Récurrent Tumor 



Fig. 4.91. Tumor récur¬ 
rence rates for spinal nerve 
sheath tumors as a func¬ 
tion of presence of NF-2 
(log-rank test: p=0.05) 


Time in Months 
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Time in Months 


Table 4.27. Tumor récurrence rates for spinal nerve sheath 
tumors 


Total 
Complété 
+ root resected 
Complété 
+ root preserved 
Subtotal 
First surgery 
Récurrent tumor 
No NF-2 
NF-2 
Intradural 
Dumbbell 


8% 17% 20% 

2% 9% 9% 

0% 0% 0% 

42% 65% 77% 

1% 10% 12% 

42% 60% 60% 

6% 10% 14% 

10% 33% 33% 

5% 11% 14% 

14% 31% 31% 


4.5.3 

Arachnoid Cysts 

Depending on their size and location, arachnoid cysts 
may compress the cord (Figs. 4.65 and 4.67), irritate 
nerve roots (Fig. 4.93), or just interfère with CSF flow 
and, thus, be responsible for a syrinx (Figs. 4.34, 4.66, 
and 4.93) [46,118,139,166, 275], Theymaybe caused 
by trauma (Fig. 4.34) or other disease processes, lead- 
ing to arachnoid scarring, such as meningitis 
(Fig. 4.67), subarachnoid hemorrhage (Fig. 4.94), or 
surgery to mention just a few [10, 17, 26, 60, 73, 128, 
132, 133, 146, 193, 275]. Gellad et al. [84] reported 
three patients with arachnoid cysts after gunshot in¬ 
juries, Nogues et al. [192] three, and Sklar et al. [245] 


eight patients who developed intradural arachnoid 
cysts as a complication of épidural anesthésia. Multi¬ 
ple lumbar arachnoid cysts hâve been described in 
patients with ankylosing spondylitis [220, 241], Con¬ 
génital cysts and cysts associated with a variety of 
malformations hâve also been described [18,110,122, 
193,274], suggesting that at least some of them repre- 
sent a developmental abnormality [74, 206], They 
hâve been reported even in very young children and 
newborns [83,106]. 

Arachnoid cysts may communicate with the sub¬ 
arachnoid space or be completely separated from it 
[133], Depending on the communication with the 
subarachnoid space, cyst pressure and, thus, clinical 
symptoms may vary during the patients course [4]. In 
rare instances, intradural arachnoid cysts are associ¬ 
ated with dura defects and spinal cord herniation 
[244, 246, 268]. Arachnoid cysts may be located 
posteriorly in the midline (Figs. 4.65 and 4.66) or may 
be confined to either side of the posterior médial 
arachnoid septum, affecting just one side of the poste¬ 
rior subarachnoid space (Fig. 4.93) [206]. In general, 
anterior cysts appear to be the resuit of a disease pro- 
cess such as trauma, a hemorrhage, or meningitis 
(Figs. 4.67 and 4.94). 

With these variations in mind the clinical picture 
is quite variable, too. We observed 35 arachnoid intra¬ 
dural cysts in 32 patients. Six were related to trauma, 
four to meningitis, and one patient each had devel¬ 
oped this arachnoid pathology due to previous sur¬ 
gery, a subarachnoid hemorrhage, or contamination 
of the subarachnoid space with an irritating substance 
during péridural anesthésia. For the remainder, the 
etiology remained obscure. 
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Fig. 4.93. Sagittal Tl- (a) and T2-weighted (b) MRI scans 
of an arachnoid cyst at Th6 in a 41-year-old woman with an 
8-month history of right-sided pain and gait ataxia. A syrinx 
is visible from Th6-Th9. There appears to be no cord compres¬ 


sion, with the cyst completely invisible on these images. With 
cardiac gated cine MRI scans in systole (c) and diastole (d) a 
flow abnormality appears at Th6 ( arrowheads ). (Continuation 
see nextpage ) 
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Fig. 4.93. ( Continued ) e, f These intraoperative views after 
dura opening at Th6 demonstrate how the wall of the cyst 
elevates nerve roots on the right side according to respira¬ 
tion-dépendent flow changes. Putting the arachnoid under 
slight tension (g), the cyst can be resected (h). After complété 


resection (i) the dura is closed with a Gore-Tex® patch (j). 
The postoperative sagittal (k, I) and axial (m) MRI scans dem¬ 
onstrate a wide subarachnoid space at Th6 and a réduction 
of the syrinx. Postoperatively, pain improved but the ataxia 
remained unaltered 
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Fig. 4.94. Sagittal Tl- (a) and sagittal (b) and axial (c) T2- 
weighted MRI scans of a ventral arachnoid cyst on the left 
side at C7-Th2 in a 47-year-old man with a 12-month history 
of progressive severe paraparesis, which began 20 years after 
surgery for a ruptured vertébral artery aneurysm. The sub- 
arachnoid hemorrhage had caused thoracic arachnoiditis and 


the development of a cervicothoracic arachnoid cyst. d Sagit¬ 
tal reconstruction of the postmyelographic CT demonstrates 
a good filling of the cyst, which causes ventral compression 
of the spinal cord. Intraoperative overview (e) and close-up 
(f ) after dura opening, display a diffusely thickened arachnoid 
layer. (Continuation see nextpage) 
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Fig. 4.94. ( Continued ) g With sharp dissection, the arach- 
noid was resected posteriorly layer by layer leaving the final 
arachnoid layer on the cord surface to avoid any damage to 
blood vessels thereon. On the left side, the cyst wall could be 
fenestrated, releasing CSF. h This final overview shows the 
situation before dura closure with a Gore-Tex® patch (i). The 
postoperative sagittal (j, k) and axial (I) MRI scans show a 


décompression of the cyst and a decrease of the syrinx. The 
cardiac gated cine MRI scans in systole (m) and diastole (n) 
demonstrate free CSF flow in the anterior subarachnoid space 
of the cervicothoracic junction, but no flow signais posterior 
of the cord. The patient recovered his walking abilities with- 
in a few weeks of réhabilitation, with no récurrence in 
18 months 
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Even though most patients develop signs of a pro¬ 
gressive myelopathy due to cord compression [193], 
one of the characteristic clinical features is the undu- 
lating clinical course [74,197]. Patients describe step- 
wise progressions followed by transient improvements 
until the next phase, when new clinical problems 
occur. Sudden détériorations, however, hâve also been 
described [254], In some patients, minor traumas 
hâve initiated the development of neurological symp- 
toms [74, 112, 132, 155]. Valls et al. [269] described a 
patient with a thoracic arachnoid cyst that decom- 
pensated after surgery for lumbar stenosis. 

Patients may présent with signs of either cord com¬ 
pression or radicular irritation [17]. A graduai, con- 
tinuous détérioration, as observed for other extra¬ 
medullary tumors, may be absent for this entity. 
Symptoms may vary according to the patient’s posi¬ 
tion. Pain, for instance, may subside by lying down 
[74], Therefore, quite a few patients are regarded as 
neurotic or misdiagnosed for a great variety of dis- 
eases, such as multiple sclerosis, before the correct 
diagnosis is made [1]. 

In our sériés, patients presented at an average 
âge of 52±13years, after a clinical history of 
73±116 months, and were followed for 33±34 months 
(maximum lOyears). The problems with a correct 
diagnosis are reflected in the great variability of the 
patient history, which varied between 2 months and 
47 years in one particular case [11]. 

At the beginning, clinical symptoms begin quite 
variably, but favor gait problems (34%) and motor 
dysfunctions (22%), or pain (20%), sensory distur¬ 
bances (12%), and dysesthesias (10%). At présentation, 
51% were mainly affected by gait disturbances, 17% 
by motor weakness, and the remaining patients by 
pain (24%) or dysesthesias (7%). Overall, 93% showed 
some degree of gait ataxia, 76% had sensory problems, 
and 68% motor weakness, while 66% complained 
about pain, 51% about dysesthesias, and 37% about 
sphincter disturbances (Table 4.28) [11, 17, 133], The 
average preoperative Karnofsky score was 69±15. 

This group of patients poses significant diagnostic 
problems, as extramedullary arachnoid cysts may not 
only cause fluctuating neurological symptoms, but 
may also be virtually invisible on standard MRI scans 
and yet extend over several spinal segments. In 
our sériés 50% were associated with syringomyelia 
(Figs. 4.34, 4.66, 4.67, 4.93, 4.94, and 4.95) [10], If cyst 
walls are not visible on MRI, indirect signs of an in¬ 
tradural arachnoid cyst may be displacement or com¬ 
pression of the spinal cord (Figs. 4.65, 4.67, 4.94, and 
4.95) [193] and atypical flow void signais in the sub- 
arachnoid space on T2-weighted images. In rare cas- 


Table 4.28. Symptoms for spinal arachnoid cysts 


Symptom 

First symptom 

At présentation 

Pain 

20% 

66% 

Gait ataxia 

34% 

93% 

Motor weakness 

22% 

68% 

Sensory déficits 

12% 

76% 

Dysesthesias 

10% 

51% 

Sphincter problems 

- 

37% 


es, the vertébral body may be eroded [28]. However, 
these indicators are not reliable. We recommend car- 
diac gated cine MRI examinations, which we consider 
to be the most sensitive imaging modality in these 
cases. Any arachnoid pouch or cyst will cause disrup- 
tions, turbulences, or a block of CSF flow to some de¬ 
gree (Figs. 4.34, 4.65, 4.66, 4.67, 4.93, and 4.94) [64, 
78, 243, 275]. To distinguish between arachnoid and 
epidermoid cysts, flair sequences are recommended 
[101]. Conventional myelograms are the alternative 
method and hâve sometimes been used to confirm 
MRI findings (Fig. 4.34) [17, 60, 107], However, a free 
passage of contrast does not rule out an arachnoid 
cyst completely, as only a particular segment of the 
subarachnoid space may be involved, leaving the re- 
mainder unaltered (Fig. 4.93), resulting in a négative 
myelogram. Therefore, a postmyelographic CT of the 
suspected spinal segments should always be per- 
formed and can sometimes pick up a cyst that was not 
seen on myelography (Fig. 4.34) [1, 90, 121, 124, 135, 
145,190,194], 

The overwhelming majority (88%) of the 35 intra¬ 
dural arachnoid cysts in this sériés were observed in 
the thoracic area [197], Cervical (6%) and lumbar (6%) 
cysts made up for the rest [193]. The majority were 
located posteriorly and only three anteriorly. In the 
largest sériés on arachnoid cysts published to date by 
Wang et al. [275] on 21 patients, and Bassiouni et al. 
[17] on 16 patients, found similar distribution with 
more than 80% occurring in the thoracic spine. 

The aim of surgery is to provide a sufficient de- 
compression of nervous structures and a free CSF 
passage. It is not necessary to expose the entire cyst or 
to perform a radical resection, even though this is rec¬ 
ommended by some authors [7, 148, 155]. In cases 
with multisegmental extension or anteriorly located 
cysts, a wide fenestration of the cyst wall at the lower 
or upper pôle is sufficient (Figs. 4.67 and 4.94) [10,17, 
123,132,136,193,197,213,275], In patients with mul¬ 
tiple arachnoid cysts [109, 117, 194], each cyst needs 
fenestration. 
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Fig. 4.95. a Sagittal T2-weighted MRI scan of a syrinx C5- 
Th5 in a 58-year-old man with a history of dysesthesias and 
sensory déficits in his right arm. b The axial Tl-weighted scan 
shows an area of cord compression from posterior at Th5. The 
somewhat blurred image of the cord is related to the arach- 
noid pathology and flow disturbances at this level. c The in¬ 


traoperative view after dura opening shows the arachnoid 
cyst. d The cyst is resected with sharp dissection, e This view 
demonstrates a complété resection of the cyst. Please note the 
thin layer of arachnoid membrane left on the cord surface to 
protect the posterior cord vessels. f The dura is closed with a 
Gore-Tex® patch. (Continuation see nextpage ) 
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Fig. 4.95. ( Continued ) The postoperative T2-weighted sagittal (g) and axial (h) MRI scans show no more cord compression at 
Th5 and a complété disappearance of the syrinx. The patient’s symptoms resolved completely 


An associated syrinx was observed in 55% of pa¬ 
tients [275], No additional surgical steps, such as a 
syrinx shunt or myelotomy, are required for these pa¬ 
tients [166, 259], Décompression of the spinal cord 
and establishment of normal CSF flow are sufficient 
for treatment of the syrinx as well (Figs. 4.34, 4.66, 
4.67, and 4.93-4.95). The intraoperative use of ultra- 
sound is recommended to demonstrate the extent and 
dynamics of an arachnoid cyst (Figs. 4.34 and 4.65) 
[10]. In this way, dura opening can be performed right 
on the correct spot, thus limiting the amount of 
arachnoid exposure and dissection to the absolute 
minimum. 

Endoscopes hâve been employed to explore the 
subarachnoid space in such instances for diagnostic 
purposes [58, 265], Tanaka et al. [261] and Warnke et 
al. [276] propagated endoscopie surgery for arachnoid 
cysts. Takahashi et al. [258] even reported a patient 
with a cervical arachnoid cyst that he fenestrated per- 
cutaneously under MRI guidance. We would like to 
advise against such techniques, as there is a considér¬ 
able risk of injury of spinal cord vessels in particular. 
Several patients presented at our institution with a se- 
vere paraparesis after such endoscopie endeavors. 

Alternatively, shunting of the cyst has been advo- 
cated, particularly for anterior arachnoid cysts [10,47, 
109, 123, 126, 182, 213, 255, 275, 282], We hâve not 
used this technique. Insertion of a foreign body into 
the subarachnoid space may cause significant prob- 


lems with arachnoid scarring and cord tethering. If 
an anterior cyst is not accessible from posterior we 
rather approach such a cyst anteriorly [16], as was 
done for a cervical arachnoid cyst in our sériés 
(Fig. 4.96). 

We hâve performed 15 cyst resections, combined 
with duraplasties in 12 operations, and 20 cyst fenes¬ 
trations, combined with duraplasties in 14 operations. 
Complications occurred after 10% of operations. For 
those patients with additional syringomyelia, post¬ 
operative MRI examinations indicated a decrease of 
the syrinx for 56%, no change for 31%, and subséquent 
increases for 13%. 

Immediately after surgery, 14 operations were fol- 
lowed by some moderate improvement of neurologi- 
cal functions, whereas stabilization was achieved with 
20 operations. One patient deteriorated. Table 4.29 
shows the postoperative course for the lst year for pa¬ 
tients after cyst resections and fenestrations. Both 
treatment modalities provide similar results, with 
moderate increases of scores for each symptom [17, 
275]. Due to the limited number of patients, these do 
not reach statistical significance. Wang et al. [275] 
observed favorable results for motor weakness and 
sphincter dysfunctions, but less good outcomes for 
pain and hypesthesia. 

Most authors reported postoperative improve- 
ments of neurological symptoms [7, 10, 17, 109, 110, 
112, 123, 132, 136, 148, 182, 193, 202, 212, 213, 254, 
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Fig. 4.96. Sagittal Tl- (a) and T2-weighted (b) MRI scan 
of an anterior arachnoid cyst at C6-C7 in a 61-year-old 
woman with a 20-year history of slowly progressive gait 
ataxia and dysesthesias. c Axial image demonstrating a 
spinal cord almost split by the cyst. d Latéral X-ray showing 
degenerative osteochondroses at C4/5 and C6/7 and a 
Klippel-Feil syndrome at C5/6. e The bone window CT 
scan displays an ossification of the arachnoid membrane. 

(Continuation see nextpagé) 
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Fig. 4.96. ( Continued ) f This intraoperative view, taken 
after discectomy C6/C7 and dura opening, shows the anterior 
arachnoid cyst wall. g After fenestration of the cyst wall the 
cyst collapsed and the anterior aspect of the spinal cord be- 
came visible, h Postoperative X-ray demonstrating ventral 
fusion with the iliac crest bone and ventral plating at C5-C7. 
Symptoms improved postoperatively, but the gait ataxia did 
not résolve completely. The patient has been free of a récur¬ 
rence for 9 years. Due to subséquent placement of a cardiac 
pacer, no postoperative MRI scans are available 


255, 259, 275]. However, these results reflect only the 
immédiate postoperative effect of cord décompres¬ 
sion. Long-term results dépend on the degree of pre- 
existing arachnoiditis [133] and postoperative arach¬ 
noid scar formation, which may lead to CSF flow 
obstruction with resulting cord tethering, or reocclu¬ 
sion of arachnoid septations leading to a new arach¬ 
noid cyst. The more extensive the intradural exposure 
has to be for treating a particular cyst, the higher the 
risk for such postoperative arachnoid problems will 
be. 

Cyst récurrences occurred within the first post¬ 
operative year and hâve not been observed at later 
stages. Overall, long-term récurrence rates indicate 
clinical stability for 79% of patients within 10 years 
after surgery. There was no significant différence in 
récurrence rates between patients undergoing cyst re¬ 


section and those undergoing fenestration only 
(Fig. 4.97), even though there was a trend favoring 
cyst resections (11% compared to 31% after fenestra¬ 
tions). The major factor determining outcome was the 
question of arachnoid adhesions after surgery. With a 
permanently free CSF passage, clinical récurrences 
were seen in just 6% of cases, whereas the rate rose to 
54% with formation of visible arachnoid adhesions on 
MRI (Fig. 4.98). 

Most authors do not mention long-term results 
and récurrence rates. El Mahdi [60] reported one 
récurrence among his sériés of seven intradural 
arachnoid cysts. Osenbach et al. [193] detected 3 
récurrences among 11 operated arachnoid cysts. 
Bassiouni et al. [17] observed no récurrence after 
a mean follow up of 3.2 years and a maximum fol- 
low up of 7.5 years. They had either fenestrated or 
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Table 4.29. Clinical course for 
patients with intradural arachnoid 


Symptom 

rr 

Postope- 

3 Months 
postop. 

6 Months 
postop. 

1 Year 
postop. 

Pain 

Resection 

Fenestration 

3.5±1.3 

4.4±0.8 

4.0 ±0.8 

4.0±1.4 

4.1±0.8 

4.2±1.3 

4.0+1.1 

4.2+1.3 

4.0+1.1 

4.0+1.3 

Hypesthesia 

Resection 

Fenestration 

3.1±0.4 

3.5±0.8 

3.6±0.7 

4.0±0.7 

3.6+0.7 

4.2±0.8 

3.6+0.7 

4.2+0.8 

3.6+0.7 

4.0+0.9 

Dysesthesias 

Resection 

Fenestration 

3.5±0.9 

4.3±1.0 

3.9±1.0 

4.5±0.8 

4.1±0.8 

4.6±0.8 

4.3+0.9 

4.6+0.8 

4.3+0.9* 

4.4+0.9 

Gait 

Resection 

Fenestration 

3.4±0.7 

2.8±1.2 

3.6±1.2 

3.1+1.3 

3.6+0.9 

3.3±1.4 

3.6+0.9 

3.4+1.5 

3.6+0.9 

3.3+1.4 

Motor power 

Resection 

Fenestration 

3.5±0.9 

3.3±1.4 

3.9±1.0 

3.5±1.5 

3.9±1.0 

3.7+1.5 

3.9+1.0 

3.8+1.5 

4.0+0.8 

3.6+1.4 

Sphincter function 

Resection 

Fenestration 

4.5±1.1 

3.7±1.6 

4.1±1.4 

3.7±1.6 

4.4±0.9 

3.8+1.6 

4.4+0.9 

3.8+1.6 

4.4+0.9 

3.8+1.6 

Karnofsky score 

Resection 

Fenestration 

68±10 

66±17 

69±17 

68±19 

70+19 

73±22 

71+16 

75+22 

71+16 

72+20 


Statistically significant différence between preoperative status and 1 year postopera- 
tively: *p<0.05, **p<0.0l 


Fig. 4.97. Tumor récur¬ 
rence rates for intradural 
arachnoid cysts as a function 
of type of surgery (log-rank 
test: not significant) 
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Fig. 4.98. Clinical récur¬ 
rence rates for intradural 
arachnoid cysts as a function 
of postoperative arachnoid 
scarring (log-rank test: 
p=0.0128) 
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removed the cysts completely without applying a du- 
raplasty. Likewise, Wang et al. [275] denied any récur¬ 
rence among their 21 patients, with a mean follow up 
of 17 months, as did Alvisi et al. [7] for 10 patients fol- 
lowed to between 2 an 23 years. 

4.5.4 

Hamartomas 

In this group we hâve encountered lipomas, dermoid 
cysts, neurenteric cysts, and neuroepithelial cysts. 
Whereas neurenteric and neuroepithelial cysts always 
presented without other features of dysraphism in 
this sériés, lipomas and dermoids were generally as- 
sociated with complex spinal malformations leading 
to a tethered cord syndrome, such as varying degrees 
of spina bifida, a low conus medullaris, a thick filum 
terminale, or a split-cord malformation. Therefore, 
the neuroradiological workup is often very complex 
for extramedullary hamartomas. Not too rarely, the 
hamartoma is clinically insignificant and the clinical 
problems are related to a tethered cord: a dermoid 
cyst in the thoracic area may be associated with a 
thick filum and a low conus or a split-cord malforma¬ 
tion, for instance. Therefore, the entire spinal axis 
should be analyzed with plain X-rays as well as MRI 
before a surgical strategy can be planned, which will 
often require a CT scan with bone window technique 
for the targeted spinal segment. In most patients, 
hamartoma removal and untethering can then be 
performed in one operation. 

We analyze and discuss separately the following 
groups of patients: 


Postop. Adhesions 

-Not Présent 

-Présent 

150 


1. Cystic hamartomas: neurenteric cysts, neuroepi¬ 
thelial cysts, and dermoid cysts 

2. Solid hamartomas: lipomas of the conus, lipomas 
of the filum terminale, and lipomas of the cervical 
and thoracic cord 


4.5.4.1 

Cystic Hamartomas 

With neurenteric, neuroepithelial, and dermoid cysts, 
surgery is recommended as soon as signs of spinal 
cord or nerve root compression are présent and symp- 
toms appear. Surgery has to achieve a complété resec¬ 
tion to avoid local récurrences. 

Dermoids may rupture spontaneously and irritat- 
ing substances may contaminate the subarachnoid 
space, resulting in severe arachnoiditis [162, 168] or 
even abscess formation [267]. In such instances, deb- 
ulking of the hamartoma may be ail that is possible 
without injury to the nerve roots or spinal cord. Like¬ 
wise, récurrent dermoid cysts may be extremely dif- 
ficult to remove so that postoperative radiotherapy 
has been recommended in such instances [23], Most 
of the dermoid cysts are reported in the lumbosacral 
area (Figs. 4.54,4.60,4.61,4.63, and 4.99) [162], While 
dissecting a dermoid cyst, the surrounding intradural 
structures should be covered by cottonoids so that the 
cyst material can be sucked away without exposing it 
to the subarachnoid space. Debulking of the cyst con¬ 
tents should be done from a small incision in the cap¬ 
sule. The capsule can then be grasped with tumor 
forceps and dissection can be performed bluntly with 
microdissectors and forceps, or sharply with micro- 
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Fig. 4.99. Sagittal (a) and axial (b) Tl-weighted MRI scans 
of a dermoid cyst at Thll-L2 in a 42-year-old woman with a 
4-year history of pain and progressive sphincter disturbances, 
c At ThlO there is an additional intramedullary lipoma. d This 
intraoperative view after dura opening demonstrates a sig- 


nificant amount of arachnoid scarring associated with this lé¬ 
sion. With opening of the cyst (e) its contents are removed (f). 
g After most of the dermoid is resected, a thick gliotic layer 
adhèrent to the cyst wall and the conus becomes apparent. A 
subtotal resection was achieved. (Continuation see nextpage) 
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Fig. 4.99. ( Continued ) The sagittal (h) and axial (i) postoperative Tl-weighted 
MRI scans display no remnant of the dermoid cyst. Postoperatively, symptoms 
remained unchanged. Six months after this surgery the patient started to 
expérience a slight progression of her sphincter problems. Since then, the clinical 
situation has continued to deteriorate slowly. The patient has been reluctant to 
undergo another operation, j The MRI at latest follow up after 9 years demon- 
strates tethering of the conus and a récurrence of the cyst 


scissors. To prevent récurrences, a complété resection 
of the capsule is required. An area of gliosis may be 
encountered toward the spinal cord. This layer should 
be preserved as it prevents injury to the spinal cord 
during dissection (Figs. 4.54, 4.61, and 4.63). In cases 
of severe adhérence to nerve roots or conus medul- 
laris, however, it may be safer to leave parts of the 
capsule in place (Fig. 4.99) [162,165,168], It has been 
estimated that no more than 40% of dermoid cysts are 
totally resectable [23], 


We hâve encountered 14 patients with extramedul¬ 
lary dermoid cysts of the spinal canal. Of these, three 
chose not to undergo surgery. Twelve dermoid cysts 
were operated in 11 patients, with 1 patient operated 
twice for a subséquent récurrence. Three patients pre- 
sented a combination with a split-cord malformation 
(Figs. 4.60 and 4.61), three a dermal sinus and seven a 
tethered cord syndrome (Figs. 4.54, 4.60, 4.61, and 
4.63). Finally, one patient presented a combination 
with a conus lipoma (Fig. 4.54). Table 4.30 gives an 
overview on this patient group. In one half of these 
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Table 4.30. OverView ofpatients with extramedullary dermoid cysts 


1 Sex 

Age 

(years) 

Level 

Dysr. 

Man. 

History 

(months) 

Symptoms 

Surgery 

Outcome 

F 

39 

L2-L3 

Dia, 

DS, 

TCS 

216 

Dysesth., Pain, Sphincter 

Subtotal 

Improved 

No Rec. 

84 Months 

Det 7 Months 

F 

59 

L3-L4 

DS, 

TCS 

336 

Gait, Pain, Motor, Sphincter 

Subtotal 

Improved 

No Rec. 

26 Months 

Det. 3 Months 

F 

30 

C1-C2 

DS 

3 

Hypesth., Gait, Motor 

Complété 

duraplasty 

Improved 

No Rec. 

28 Months 

M 

30 

Th9-Ll 


84 

Hypesth., Gait, Pain, Motor, 
Sphincter 

Dec. dura- 

Worse 

Lost to 

Follow Up 

F 

42 

L2 


54 

Hypesth., Gait, Pain, Sphincter 

Subtotal du- 

Unchanged 

Rec. 

106 Months 

Det. 6 Months 

M 

19 

Thl2-Ll 


36 

Hypesth., Gait, Dysesth., Motor 

Complete 

duraplasty 

Unchanged 

No Rec. 

6 Months 

M 

52 

Thl2-Ll 

Dia, 

TCS 

168 

Hypesth., Gait, Dysesth., Pain, 
Motor, Sphincter 

Complété 

Unchanged 

Rec. 

88 Months 

Det. 3 Months 


59 

Thl2-Ll 

Dia, 

TCS 

46 

Hypesth., Gait, Dysesth., Pain, 
Motor, Sphincter 

Subtotal du- 

Improved 

No Rec. 

4 Months 

F 

4 

L1-L4 

Dia, 

TCS 

42 

Hypesth., Gait, Motor, Sphincter 

Dec. dura- 

Improved 

No Rec. 

12 Months 

F 

51 

L1 

TCS 

2 

Hypesth., Pain 

Complete 

duraplasty 

Improved 

No Rec. 

3 Months 

M 

55 

L2 

TCS 

6 

Pain 

Complété 

duraplasty 

Worse 

No Rec. 

3 Months 

F 

40 

L2 

TCS 

24 

Pain, Sphincter 

Complété 

duraplasty 

Improved 

No Rec. 

5 Months 


Abbreviations: Dysr. Man. = dysraphic manifestations, Dia = diastematomyelia, DS = dermal sinus, TCS = tethered cord syn¬ 
drome, M = male, F = female, Hypesth. = hypesthesia, Dysesth. = dysesthesia, Motor = motor weakness, Gait = gait ataxia, 
Sphincter = sphincter disturbances, Rec. = tumor récurrence, Dec. = décompression, Det. = clinical récurrence 


patients, pain was the dominating problem leading to 
surgery. Gait ataxia was the major concern in 31%. 
Sphincter problems, although présent in 7 out of 11 
operated patients, was the main problem in only 1 pa¬ 
tient [162], Six cysts were resected completely and four 
subtotally. In the remainder, a combination of arach- 


noid dissection, untethering, and décompression was 
performed. Postoperatively, six operations led to im- 
provement, while three left the patients unchanged 
and two caused worsening of neurological symptoms. 
During follow up we observed two récurrences after 
88 and 106 months, respectively. 
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Fig. 4.100. Sagittal T2-weighted MRI scans of the cervical (a) 
and thoracic spine (b) demonstrating multiple neuroepithelial 
cysts at C5-C6, Thl, Th7, Th9-Thl0, and Thl2 in a 45-year- 
old woman with a 9-month history of progressive parapare- 
sis. At another institution, fenestrations of the cervical and 
thoracic cysts at Thl, Th7, and Th9-Thl0 were performed 
endoscopically. c This preoperative Tl-weighted image shows 
a good resuit for the upper cysts, but relapses of the lésions 


at Th7 and Th9-Thl0. d The axial T2-weighted scan at Th9 
demonstrates the enormous cord compression caused by this 
hamartoma. e Intraoperative view at Th7 taken after dura and 
arachnoid opening, showing the neuroepithelial cyst. f This 
view demonstrates the spinal cord after complété resection at 
this level. g At Th9-Thl0 the dura has been opened with the 
arachnoid still intact. (Continuation see nextpage ) 
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Fig. 4.100. ( Continued ) h The close-up view displays the 
lobulated cyst and the displacement of nerve roots attached to 
the cyst wall. After resection of the cranial part (i), the caudal 
segment of the cyst is removed, detaching it from the adhèr¬ 
ent nerve root (j). k This view demonstrates the situation af¬ 
ter complété resection of the cysts at Th7-Thl0. I The dura is 


closed with a Gore-Tex® duraplasty. The postoperative sagittal 
(m) and axial (n) MRI scans show a complété décompression 
at Th7-Thl0 with a free CSF passage posteriorly. The patient 
improved postoperatively and has been free of a récurrence for 
2 years. The cyst at Thl2 is being monitored and will be oper- 
ated as soon as new symptoms start to appear 
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The long-term clinical course, however, was not re- 
lated to récurrences, but to problems of dysesthesias 
and myelopathy associated with retethering and 
arachnoid scarring. This caused significant morbidity 
in four instances, usually beginning within a few 
months after surgery. Mathew and Todd [168] 
achieved a complété excision for 6 out of 21 patients 
with dermoid cysts in the cauda equina area. Im- 
provements were obtained for pain and motor weak- 
ness, but sphincter problems remained unchanged. 
Lunardi et al. [162] achieved a complété resection in 
three out of eight patients with dermoid cysts. 

A much better resuit could be obtained for neuren- 
teric (Fig. 4.64) and neuroepithelial cysts (Fig. 4.38). 
These may be associated with bony abnormalities or a 
tethered cord and are positioned anterior or antéro¬ 
latéral of the cord, as in the four patients of this sériés. 
The cysts may occur as single or multiple lésions 
(Fig. 4.100) so that examination of the entire spinal 
canal is recommended. The commonest localizations 
are in the cervical spine anterior to the cord (Figs. 4.38 
and 4.64) and the conus région [5, 12, 74], Neuren- 
teric cysts are related to split-cord malformations. 
Paolini et al. [201] observed a patient with a neuren- 
teric cyst associated with an anterior spinal-cord cleft 
at Th8/9. The cyst was embedded in this incomplète 
anterior diastematomyelia and almost completely 
surrounded by spinal cord tissue. Soni et al. [249] re- 
ported a similar patient with a thoracic split-cord 
malformation and a neurenteric cyst below the bony 
spur. Mooney et al. [180] demonstrated five children 
with thoracic neurenteric cysts associated with ante¬ 
rior vertébral defects and pointed out that severe spi¬ 
nal deformities may complicate the surgical manage¬ 
ment of these cysts, especially in children. Combined 


approaches and additional stabilizations may be re- 
quired. Trehan et al. [266] also showed a patient with 
a thoracic neurenteric cyst associated with a cleft ver- 
tebra. According to Rauzzino et al. [216], the majority 
do demonstrate signs of occult dysraphism such as 
cutaneous abnormalities. In the sériés of Kumar and 
Nayak [149], signs of dysraphism were détectable in 
three out of six patients. 

We observed neurenteric cysts at the craniocervi- 
cal junction, cervical (Fig. 4.23) and thoracic spine. 
Their clinical data are presented in Table 4.31. As the 
cyst wall is somewhat thicker than the wall of an 
arachnoid cyst and the cyst content different from 
CSF, the diagnosis can sometimes be suspectedbefore 
surgery [17]. However, the cyst may also appear as an 
arachnoid cyst [149], The preoperative symptoms in¬ 
volve mainly radicular pain and gait problems [5, 36, 
74, 154], Ail the cysts could be removed completely 
with excellent postoperative clinical results and no 
récurrences [5,17,36,154,201], Récurrences do occur 
after incomplète resections [74], As the majority of 
papers describe single cases without adéquate follow 
up, it is difficult to estimate the récurrence rate. Ku¬ 
mar and Nayak [149] achieved only one complété re¬ 
section among six operations, with no subséquent ré¬ 
currence after a short follow up of up to 2 years. A 
sériés of 13 patients with spinal neurenteric cysts, of 
which 4 were located intramedullary, reported five 
récurrences (i.e., a rate of 27%) related to incomplète 
resections [216]. Chavda et al. [39] presented a sériés 
of eight patients and reported a récurrence rate of 
37%. Arai et al. [12] presented two patients with sub¬ 
total removal of cervical neurenteric cysts. 

Multiple neuroepithelial cysts were encountered in 
the cervical and thoracic spine in a 45-year-old wom- 


Table 4.31. OverView of patients with extramedullary neurenteric cysts 


1 Sex 

Age 

(Years) 

Level 

History 

(Months) 

Symptoms 

Surgery 

Outcome 

M 

21 

C4-6 

18 

Hypesth., Gait, Dysesth., Pain, Motor 

Complété 

Improved 

No Rec. 

137 Months 

M 

58 

C7-Thl 

1 

Hypesth., Gait, Dysesth., Pain, Motor 

Complété 

Improved 

No Rec. 

115 Months 

M 

25 

Cl 

2 

Pain 

Complété 

Improved 

No Rec. 

100 Months 

F 

45 

Th7-10 

9 

Hypesth., Gait, Pain, Sphincter 

Complété 

duraplasty 

Improved 

No Rec. 

12 Months 
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an with progressive gait ataxia. After endoscopie fen¬ 
estration of these cysts, the thoracic cysts reappeared, 
leading to new clinical problems. After open surgery 
and resection of the three largest cysts at the level of 
Th7-Thl0, the patient recovered with no clinical dé¬ 
térioration for 2 years (Fig. 4.100). 

4.5.4.2 

Lipomas 

With spinal lipomas, the preoperative évaluation and 
general management become a lot more complex due 
to associated features of spinal dysraphism in a sig- 
nificant number of patients. The incidence of spinal 
lipomas is estimated to be somewhere between 1:4000 
and 1:25,000 births [42], The overwhelming majority 
of spinal lipomas are located in the lumbosacral ré¬ 
gion (Figs. 4.54-4.59) [264], However, lipomas may 
occur in the cervical canal [141], even with extension 
into the posterior fossa [55, 68] and the thoracic ré¬ 
gion (Fig. 4.53) [8, 91, 95, 173], Depending on the 
complexity of associated malformations, lipomas may 
compromise spinal cord function not only by mass ef- 
fect, but also by cord tethering (Figs. 4.54-4.59). The 
pathophysiology of the tethered cord syndrome has 
been elegantly studied by Yamada et al. [278]. 

We still lack précisé information on the natural his- 
tory of these malformations. Consequently, the con- 
troversy concerning prophylactic surgery of these lé¬ 
sions remains to be resolved. As far as surgical 
treatment is concerned, what is required? Is a décom¬ 
pression and untethering enough, or do we need to 
excise as much of the lipoma as possible? This debate 
started as early as 1918, when Brickner suggested op- 
erating on asymptomatic infants in the hope of pre- 
venting future détérioration [22], A review on 29 pa¬ 
tients published in 1945 [59] already mentioned the 
absence of proliférative potential of intradural and ex¬ 
tradural spinal lipomas. Before the introduction of the 
operative microscope, Giuffre [91] reviewed 99 pa¬ 
tients from the literature and a personal case. The pa¬ 
tients had either become symptomatic within the first 
5 years of life (24.1%), the second and third décades 
(54.9%), or the fifth decade (16%). He emphasized the 
long clinical history and the absence of a cleavage 
plane toward the spinal cord, preventing a complété 
excision in almost ail instances. Nevertheless, postop- 
erative improvements were reported for most surgical 
interventions. In a later report on the expérience a the 
Mayo Clinic, Thomas and Miller [264] stated that in 
their 60 patients stabilization of clinical symptoms 
was the commonest postoperative outcome, with no 
détérioration after surgery in more than 80% of cases. 


Nowadays, some authors recommend prophylactic 
surgery [143, 152, 153, 172, 207, 256, 277, 283], others 
advocate an operation only for symptomatic patients 
[151, 209, 214, 270, 273] or reserve prophylactic sur¬ 
gery for infants and operate on adolescents and adults 
only if symptoms progress [41]. On comparison of re- 
sults for infants and adults, it appears that postopera¬ 
tive improvements are more common in children, 
while neurological signs usually remain unchanged 
in adults [41, 228]. To justify prophylactic surgery, it 
has to be established that almost ail patients eventu- 
ally become symptomatic, postoperative improve¬ 
ments are unlikely, surgical morbidity is very low, and 
that détériorations do not occur once surgery has 
been undertaken. 

If we look at these points, then the only undisputed 
fact is that long-term improvements cannot be ob- 
tained with surgery for a significant number of symp¬ 
tomatic patients. This certainly calls for early surgery 
before significant déficits hâve occurred. In terms 
of natural history and the long-term results of 
prophylactic surgery, however, the information from 
the literature is conflicting. Considering the pre¬ 
operative course of patients, differing statements ap- 
pear in the literature. In a study by Koyanagi et al. 
[143] on 34 patients with a tethered cord between 
1 month and 47 years of âge, 32 had a lumbosacral li¬ 
poma. Just eight (24%) patients under the âge of 
5 years were asymptomatic; 26 patients (76%) showed 
signs of a neurogenic bladder, and 24% motor déficits 
with sphincter problems appearing before motor 
weakness during the clinical course. These authors 
concluded that neurological symptoms will almost 
always appear in early childhood. On the other hand, 
La Marca et al. [152] observed asymptomatic patients 
in their group of 213 children up to 12.6 years of âge 
and stated that patients with filum terminale lipomas 
tend to develop neurological symptoms later than pa¬ 
tients with conus lipomas. Pierre-Kahn et al. [210] 
reported on 291 lipomas and described the onset of 
neurological symptoms to occur at a mean âge of 
5 years. 

The results of our sériés and those on adults with 
occult spinal dysraphism tell another story. In a sériés 
of 54 operated adult patients with a tethered cord syn¬ 
drome, Hüttmann et al. [115] found 32 lipomas, a 
tight filum in 28 patients, and a diastematomyelia and 
secondary adhesions in 12 patients; 77% complained 
about pain, 70% presented with sphincter problems, 
57% with motor weakness, and 75% with sensory déf¬ 
icits. Seventeen of these 54 patients (30%) had been 
asymptomatic in childhood, while 46% were symp¬ 
tomatic but stable during childhood and developed 
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exacerbations in adulthood, and the remaining 23% 
had progressive problems since childhood. 

We hâve seen a total of 100 patients with spinal 
dysraphism; 85% were in the adult âge group, 10% 
even older than 60 years. Of this group, 45 patients 
harbored an extramedullary hamartoma and 38 were 
affected by a tethered cord only. The remainder had 
other manifestations such as an épidural hamartoma, 
a meningocele, a dermal sinus, or a complex bony 
malformation. Of 83 adult patients with intradural 
pathologies associated with spinal dysraphism, 32 pa¬ 
tients (39%), chose not to undergo surgery because 
they were asymptomatic or considered their symp- 
toms as too minor to warrant surgery. Seventeen of 
these patients were affected by a tethered cord with- 
out an additional hamartoma, while 14 had a combi¬ 
nation of a tethered cord with a hamartoma, and 
1 patient a hamartoma only. These numbers indicate 
that 45% of the patients in our sériés with a tethered 
cord and 33% of those with a hamartoma chose not 
to be operated. These numbers suggest that not ail pa¬ 
tients will become symptomatic to a degree that would 
justify surgery. 

Are neurological détériorations excluded if pa¬ 
tients are operated prophylactically? Here we hâve to 
look at surgical morbidity and the neurological course 
in the long term. Surgical morbidity is related to the 
complexity of the malformation and arachnoid adhe¬ 
sions [210], Late détériorations may develop at any 
time due to retethering of the cord, which is estimated 
to occur in about 10-20% of patients [42, 49], For the 
diagnosis of a retethered cord, MRI and spécial ex¬ 
aminations made with the patient in the prone posi¬ 
tion are of no use [271], so that a retethered cord is 
defined clinically by progressive symptoms in the ab¬ 
sence of other causes [108]. 

In the study of Koyanagi et al. [144] on 34 patients 
with lumbosacral lipomas, 1 of 8 asymptomatic pa¬ 
tients (22%) and 6 of 26 symptomatic patients (23%) 
deteriorated after untethering. They observed a trend 
for worse results for more complex lésions. In the re¬ 
port of Van Calenbergh et al. [270] on 32 patients with 
lumbosacral lipomas with 26 children and 6 adults, 
only symptomatic patients were operated. Permanent 
morbidity was inflicted in one patient. Postoperative 
improvements were seen for pain in 28% of patients, 
for motor function in 31%, and for sphincter fonc¬ 
tions in 41%. Late détériorations were seen in 9% with 
respect to urinary symptoms and 15% for motor 
weakness. In other words, untethering of the cord did 
not protect every patient from late détérioration. 

It appears that lipomas of the cervical or thoracic 
cord, the filum terminale and conus lipomas hâve to 


be differentiated [152,210,277]. Xenos et al. [277] pre- 
sented their sériés of 59 children with lipomas - 18 of 
the filum and 41 of the conus; 32% were asymptom¬ 
atic before surgery and 26% deteriorated after surgery 
at late follow up, with filum lipomas demonstrating 
better outcomes as compared to conus lipomas. Al- 
though postoperative improvements can occur, the 
majority of patients were left unchanged following 
surgery. Arai et al. [13] reported on 120 patients with 
lumbosacral lipomas. Of these, 47 were asymptomat¬ 
ic. Ail patients were operated on, aiming at untether¬ 
ing of the cord, which was sometimes precluded by 
tethering nerve roots. Twelve patients were function- 
ally worse immediately after surgery. The authors 
recommended prophylactic surgery for anatomically 
simple malformations such as a filum lipoma, but 
found no significant prophylactic effect after surgery 
of more complex hamartomas. In summary, these 
smaller studies do not support the concept of prophy¬ 
lactic surgery. 

Pierre-Kahn et al. [210] analyzed a large cohort of 
291 patients with lumbosacral lipomas operated be- 
tween 1972 and 1994 to evaluate the results of pro¬ 
phylactic surgery compared to patients operated for 
symptomatic lésions. The average âge at onset of neu¬ 
rological symptoms was 5 years. Postoperative im¬ 
provements were seen for the majority of patients 
with lipomas of the filum and 50% of cases with lipo¬ 
mas of the conus. In 93 patients the postoperative fol¬ 
low up exceeded 5 years; 39 of these had been asymp¬ 
tomatic before surgery, but just 53.1% were still free of 
symptoms at the latest follow up if the lipoma was 
connected to the conus. A prophylactic effect could 
only be confirmed for lipomas of the filum terminale. 
In a subséquent report from this group, Kulkarni et 
al. [147] reported follow-up results for 53 asymptom¬ 
atic patients with conus lipomas without surgery since 
1994 and compared them with the results for prophy¬ 
lactically operated patients between 1972 and 1994. 
They observed neurological worsening without pro¬ 
phylactic surgery in 25% of patients during a mean 
period of 4.4 years. According to Kaplan-Meier anal¬ 
ysis, the risk of détérioration within 9 years was 33% 
for conservatively managed patients and 46% for sur- 
gically treated patients. This différence was not statis- 
tically significant, but the results certainly do not 
support prophylactic surgery for conus lipomas. 

La Marca et al. [152] performed a similar analysis 
on 213 patients undergoing 270 surgeries between 
1975 and 1995. Of this cohort, 55 presented a lipoma 
of the filum terminale and 158 with lipoma of the co¬ 
nus. Asymptomatic patients were encountered in the 
filum group in 50.9% of cases, and in the conus group 
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in 44.9%. In the filum group, no patient worsened due 
to surgery and ail remained asymptomatic in the long 
term (mean follow up 3.4 years). In the conus group, 
nine of the asymptomatic patients (12.7%) deterio- 
rated later (mean follow up 6.2 years), of which four 
could be stabilized with a second operation. Looking 
at symptomatic patients, again filum lipomas showed 
better outcomes, with no long-term détériorations 
and improvement to normal in 9% of cases. In com- 
parison, conus lipomas deteriorated at a rate of 41% 
despite surgery. Applying Kaplan-Meier statistics to 
calculate clinical récurrence rates after 15 years for 
patients with conus lipomas revealed détériorations 
for 20% of preoperatively asymptomatic and for 60% 
for symptomatic patients after surgery. Even though 
these numbers are comparable to those of Pierre- 
Kahn et al. [210], the authors came to the opposite 
conclusion and recommended prophylactic surgery 
on ail spinal lipomas. 

Considering these analyses, we find it hard to jus- 
tify prophylactic surgery for patients with spinal 
hamartomas for the following reasons: a significant 
number of patients with conus lipomas do reach adult 
âge either without neurological symptoms or consider 
their symptoms to be so minor that they reject sur¬ 
gery. Surgery is not without risks; morbidity for com- 
plex malformations can be considérable. Finally, a 
significant percentage of patients will expérience new 
or aggravated neurological symptoms despite surgery 
in the long term. In conclusion, we suggest operating 
on spinal hamartomas as soon as symptoms develop 
and advise regular clinical examinations in asymp¬ 
tomatic patients and those who are reluctant to un- 
dergo surgery. 

In this sériés, the great majority of patients (85%) 
were in the adult âge group, with a mean âge of 
39±16 years (Table 4.32). Patients with lipomas of the 
lower spinal canal tend to become symptomatic ear- 
lier than those with lipoma of the cervical or thoracic 
cord [264], About 50% complained of pain as their 
initial symptom, while 32% reported motor weakness 
or gait problems at the beginning. Just 8% observed 
sphincter problems at the start. Symptoms may be 
initiated by sudden efforts, exaggerated bending of 
the back, trauma, obesity, or pregnancy [115,210]. On 
présentation, 55% still considered pain as their major 
problem, whereas 42% were worried about their mo¬ 
tor functions. Sphincter problems were the major 
complaint for 3% of our sériés only, even though 48% 
of our patients did hâve considérable bladder prob¬ 
lems at présentation. In contrast to small children 
with these disorders, pain is a more common symp¬ 
tom in adults with spinal hamartomas [115,153], 


A similar clinical présentation was documented by 
Sattar et al. [229] in 50 patients with occult spinal dys- 
raphism. They distinguished cutaneous abnormali- 
ties, foot deformities, neurological déficits, sphincter 
problems, and back or leg pain as the most character- 
istic features. Most patients presented more than one 
of them. In only 7 of these 50 patients did the cord end 
at a normal level above L2; 23 patients had a lipoma, 
15 a diastematomyelia, 6 a Chiari malformation, 4 an 
intradural dermoid cyst, and 20 an associated syrinx. 
Just 5 patients had a single dysraphic manifestation. 
Pain was the commonest symptom, but was rarely ob¬ 
served in patients younger than 5 years of âge. Sphinc¬ 
ter problems were présent in 22 patients, cutaneous 
lésions were demonstrated 35, foot deformities in 28, 
and signs of muscle wasting in 24 [229], In the sériés 
by Pierre-Kahn et al. [210] on lumbosacral lipomas, 
31% had signs of motor weakness, 27.7% sensory défi¬ 
cits, 13.2% complained about pain, and 42% had 
sphincter disturbances. At least one cutaneous mani¬ 
festation was observed in 89%, with a subeutaneous 
lump being the commonest in 64%; 40% had a foot 
deformity and 36% atrophy of leg muscles. Similar 
figures were presented by La Marca et al. [152], 

As lipomas do not proliferate - changes of volume 
are correlated with changes in total body fat [62, 210] 
- the question arises as to whether a lipoma should 
be resected at ail. Extramedullary lipomas may show 
considérable extension and may pose significant sur- 
gical challenges. While one lipoma may be located 
entirely within the filum terminale and be easily 
removed (Fig. 4.55), another will be attached to the 
spinal cord without a dissection plane (Figs. 4.54, 
4.58, and 4.59) or a nerve root (Fig. 4.101), and the 
next may transgress the dura and extend into the épi¬ 
dural space (Fig. 4.56) or even penetrate the fascial 
layer into the subeutaneous tissue (Fig. 4.57). Such ex¬ 
tensive lipomas may not only compress the cord, but 
also exert a tethering effect, fixing it at the site of dura 
pénétration (Figs. 4.56 and 4.57). Furthermore, arach- 
noid changes may accompany these lipomas, making 
it even more difficult to preserve nerve roots and 
blood vessels during dissection [260], 

For filum lipomas we recommend a complété or 
subtotal resection. With resection of filum and lipoma, 
the cord is untethered and the surrounding nerve roots 
are decompressed (Fig. 4.55). For conus lipomas on the 
other hand, our surgical strategy was to concentrate on 
untethering of the cord and to debulk a lipoma only to 
such a degree that conus and lipoma could be accom- 
modated comfortably in the spinal canal (Figs. 4.54, 
4.56-4.59, and 4.101). With dense attachment and in¬ 
filtration into the spinal cord, complété resections 
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Table 4.32. OverView ofpatients with extramedullarylipomas 


1 Sex 

Age 

(Years) 

Level 

Mam 

History 

(Months) 

Symptoms 

Surgery 

Outcome jj 

M 

44 

L4-S2 

Filum 

180 

Hypesth., Gait, Dysesth., Motor, 
Sphincter 

Subtotal 

duraplasty 

Unchanged 

Lost to follow up 

F 

32 

S1-S5 

Filum 

108 

Hypesth., Pain, Motor, Sphincter 

Subtotal 

duraplasty 

Improved 

No Det. 

29 Months 

F 

44 

L1-L3 

Filum 

12 

Gait, Pain 

Subtotal 

duraplasty 

Unchanged 

No Det. 

8 Months 

F 

39 

L2-L3 

Conus 

Dia., 

DS 

216 

Dysesth., Pain, Sphincter 

Partial 

Improved 

No Rec. 

84 Months 

Det. 7 Months 

M 

23 

S1-S5 

DS 

132 

Pain, Motor, Sphincter 

Partial 

Improved 

No Rec. or Det. 

84 Months 

F 

67 

L4 

Conus 

Dia., 

Extra 

20 

Gait, Dysesth., Motor, Sphincter 

Partial 

duraplasty 

Unchanged 

Det. 12 Months 

F 

44 

L2-L3 

Conus 

312 

Hypesth., Gait, Dysesth., Motor, 
Sphincter 

Dec. 

duraplasty 

Improved 

No Det. 

24 Months 

M 

38 

L5-S4 

Extra" 

50 

Hypesth., Gait, Pain, Motor, 
Sphincter 

Partial 

duraplasty 

Improved 

Det. 33 Months 


42 

L5-S4 

Conus 

22 

Hypesth., Gait, Pain, Motor, 
Sphincter 

Dec. 

duraplasty 

Worse 

Lost to 

Follow Up 

F 

33 

L3-S1 

Conus 

30 

Hypesth., Gait, Motor, Sphincter 

Partial 

duraplasty 

Unchanged 

Det. 

4 Months 

F 

28 

L5-S1 

Conus 

3 

Hypesth., Gait, Dysesth., Motor, 
Sphincter 

Dec. 

duraplasty 

Improved 

Det. 

10 Months 

M 

66 

Thl2 

Conus 

60 

Pain 

Partial 

duraplasty 

Unchanged 

Lost to 

Follow Up 

M 

34 

L3-S2 

Conus 

12 

Hypesth., Gait, Pain, Motor, 
Sphincter 

Dec. 

Duraplasty 

Unchanged 

Det. 

7 Months 

F 

49 

L3-L5 

Conus 

8 

Hypesth., Gait, Pain, Motor, 
Sphincter 

Partial 

Duraplasty 

Improved 

No Det. 

2 Months 

M 

48 

Thl2-Ll 

Conus 

18 

Hypesth., Pain, Motor 

Partial 

Duraplasty 

Improved 

Lost to 

Follow Up 

F 

32 

Thl-Th6 


5 

Hypesth., Gait, Motor 

Duraplasty 

Improved 

Det. 

44 Months 

M 

35 

Thl-Th4 


6 

Hypesth., Gait, Dysesth., Pain, 
Motor, Sphincter 

Duraplasty 

Improved 

Det. 

12 Months 

Abbreviations: Extra 

= extradural extension, Filum = lipc 

ima of filum terminale. Conus = conus lipoma 
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Fig. 4.101. Sagittal T2- (a) and Tl-weighted (b) MRI scans of 
an extramedullary lipoma at L1-L3 in a 44-year-old woman 
with a 1-year history of pain and slight gait ataxia. c Intraop¬ 
erative view taken after dura and arachnoid opening, demon- 
strating the lipoma as part of a caudal nerve root on the right 
side. d The conus can be easily mobilized from this lipomatous 
root. After subtotal resection of the lipoma and the affected 


root, the conus is visible underneath (e). The dura is closed 
with a Gore-Tex® patch (f). The postoperative T2- (g) and Tl- 
weighted (h) MRI scans demonstrate the subtotal removal and 
a free CSF pathway in the area of surgery. Postoperatively, pain 
improved but the gait ataxia remained. The patient has been 
free of a récurrence for 1 year 
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should not even be attempted. If such a lipoma is small, 
clinical symptoms will be caused by other factors such 
as cord tethering, and treatment is concentrated on 
that issue. If the lipoma is of considérable size, howev- 
er, we debulk it, leaving the outer part or capsule un- 
touched and closing it at the end with a suture. That 
way, we try to minimize postoperative arachnoid scar- 
ring and, thus, cord retethering (Figs. 4.53 and 4.54). 
With debulking of the tumor, profuse bleeding may 
occur so that several authors prefer the use of lasers for 
this particular surgery. Furthermore, nerve roots may 
be transgressing the lipoma. Preoperative sagittal and 
axial MRI scans hâve to be studied in detail to déter¬ 
mine the relationship between lipoma, cord, and nerve 
roots. If the lipoma is lying on the posterior surface of 
the cord with ail nervous structures displaced anteri- 
orly, the situation is rather straightforward (Figs. 4.53, 
4.54, and 4.101). With so-called transitional lipomas, 
however, the cord and nerve roots will be intertwined 
in the hamartoma, with considérable risks of damage 
when resection is attempted (Figs. 4.56-4.59). 

Lipomas with épidural extension are managed by 
circumcising the dura at the site of pénétration and 
transection of the lipoma at that point. After that, the 
intradural part can be dealt with as described and the 
épidural and subcutaneous part can be easily resected, 
bearing in mind, however, that a not too large soft tis- 
sue defect should be created with extensive subcutane¬ 
ous resections, as this may cause wound problems, es- 
pecially with sacral lipomas (Figs. 4.56 and 4.57) [210]. 

As a general rule, we hâve closed the dura with a 
Gore-Tex® duraplasty to prevent retethering. In two 
patients with an associated syrinx, no additional mea- 
sures for the syrinx were taken (Fig. 4.57). We do not 


recommend any additional shunting as others hâve 
done [230]. The postoperative course of the syrinx is 
related to CSF flow and cord tethering. With ob- 
structed flow and retethering, the syrinx may reex- 
pand. Otherwise, it either remains unchanged or de- 
creases. Thus, if the underlying pathology is treated, 
no further measures for the syrinx are required [152, 
189, 210, 277]. 

Postoperative outcome was directly correlated to 
the complexity of associated malformations [130]. 
Three patients harbored lipomas of the filum termi¬ 
nale, which could be subtotally resected with a satis- 
factory outcome and no subséquent clinical relapse 
(Fig. 4.55). Lipomas of the cervical or thoracic cord 
were associated with widened spinal canals, but no 
further malformations in our sériés. Their postopera¬ 
tive course was favorable after décompression with a 
duraplasty (Fig. 4.53) [68, 95, 264], In the literature, 
most authors performed partial resections of cervical 
and thoracic lipomas, reporting favorable results [8, 
55, 95, 141, 173, 264], Thomas and Miller [264] ob- 
served comparable outcomes for patients undergoing 
decompressive laminectomies alone or additional 
subtotal removals. 

With conus lipomas (Figs. 4.54 and 4.56-4.59), the 
immédiate postoperative situation was characterized 
by improvement after eight operations, an unchanged 
State after four, and worsening after one operation 
(Table 4.32) [153, 199, 283], The average Karnofsky 
score increased slightly from 69±17 to 73±22, without 
statistical significance, in the first postoperative year. 
However, 40% developed new neurological symptoms 
within 1 year and 70% within 5 years of surgery, i.e. 
clinical reccurences (Fig. 4.102). These détériorations 



Fig. 4.102. Clinical récur¬ 
rence rates for extramedul¬ 
lary lipomas (log-rank test: 
not significant) 
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can be attributed to retethering and arachnoid scar- 
ring [108, 115]. Whenever postoperative arachnoid 
scarring was évident on MRI, clinical progression 
was the likely course [9,63,67,242], 

In the long term, stabilization of the preoperative 
neurological status has been found in most studies re- 
porting on children with spinal dysraphism after a 
follow up of several years [111,143,151,165, 207,232, 
256,283], In a sériés of 341 tethered cord releases, 153 
patients - most of them children - were operated for 
retethering [108], Among these retethered cords, 53 
had occurred after surgery on a conus or filum termi¬ 
nale lipoma, most of them performed at other institu¬ 
tions. These authors claimed a rate of just 6 retether- 
ings out of 160 personally operated patients with 
spinal lipomas. The diagnosis of retethering was made 
clinically. Intraoperatively, severe arachnoid adhe¬ 
sions and residual lipoma complicated dissection. 
Four out of 53 patients could not be untethered suffi- 
ciently. Complications occurred in 13% related to 
wound problems. Just over half of these patients ex- 
perienced postoperative neurological improvements. 
Late détériorations were not observed in the group 
with lipomas. 

Overall, our surgical results for this predominantly 
adult population are considerably worse compared to 
these reports for pédiatrie patients [228], We attribute 
this to degenerative changes, to problems achieving a 
sufficient untethering at surgery or to rethering. In 
their study on 54 adults, Hüttmann et al. [115] ob- 
tained postoperative improvements for 85%, stabili- 
zations in 7%, and observed détériorations in 7% of 
their patients. Untethering had been successful in 
82% of operations. With complété untethering, the 
authors observed a clinical récurrence rate of 16%, 
whereas with incomplète untethering the figure rose 
to 80%. The authors concluded that surgery provided 
a long-term benefit for those patients in whom unte¬ 
thering could be achieved. 

Maiuri et al. [165] published a sériés of 15 adults 
with spinal hamartomas (7 lipomas, 4 epidermoid 
cysts, 3 dermoid cysts, and 1 teratoma), of which 14 
were operated. Ten became initially symptomatic with 
pain, while hypesthesias were the initial clinical symp- 
tom in the remainder. At présentation, six had motor 
weakness and five had sphincter problems. Two lipo¬ 
mas of the filum, three epidermoid and three dermoid 
cysts were removed radically, while two were removed 
subtotally and four partially. Outcome was not ana- 
lyzed relative to completeness of resection, but was 
given for the total group. Radicular pain was stated as 
improved in ail patients, motor weakness in five out of 
six, and sphincter problems in four out of six patients. 


Of particular concern is the postoperative outcome 
for sphincter control. Improvements can only be ex- 
pected for patients without complex malformations 
[142], Otherwise, stabilization ofthe preoperative sta¬ 
tus is the commonest resuit [111, 199, 283], On the 
other hand, results of conservative treatment of 
sphincter disturbances may not be as bad as most 
neurosurgeons tend to believe, especially in patients 
with sphincter hyperreflexia [140]. 

Pierre-Kahn et al. [210] achieved subtotal removals 
in 66% and partial resections in 34% of cases. In just 
four patients, removal was minimal. Décompression 
and untethering was judged to be sufficient in 80% of 
cases. They found no corrélation between postopera¬ 
tive results and the amount of lipoma resection. With 
filum terminale lipomas, they observed no complica¬ 
tions or surgical morbidity. With conus lipomas, 
however, local complications were observed in 20% 
with meningoceles, CSF leaks, and wound infections 
(wound nonunion being the commonest). One of 
these patients was treated with a lumbar drain and 23 
required secondary operations. Neurological aggra¬ 
vations were seen in 10.9% of operations: in 7.5% these 
aggravations were transient, but in 3.5% they were 
permanent. These neurological complications were 
mostly related to arachnoid adhesions and abnormal 
roots. Similar figures were given by Xenos et al. [277], 
with a complication rate of 18% and permanent surgi¬ 
cal morbidity of 3%. 

Looking at results after 1 year for filum terminale 
lipomas, Pierre-Kahn et al. [210] observed postopera¬ 
tive improvements in 53% of cases. With conus lipo¬ 
mas, 6.4% of asymptomatic and 9% of symptomatic 
lipomas worsened postoperatively. With long-term 
follow up, 95.2% of asymptomatic patients with filum 
lipomas remained intact. In symptomatic patients 
with filum lipomas, symptoms remained as they were 
after 1 year. With conus lipomas, 23.9% of preopera- 
tively asymptomatic patients had déficits after 1 year, 
while 76.1% were still asymptomatic. At maximum 
follow up, a further 17.5% of patients had worsened. 
With symptomatic patients, 50% were improved, 
29.9% unchanged, and 20.1% were worse than preop- 
eratively. At long term, 11.1% showed détérioration 
[210], 

With respect to patients with conus lipomas and 
more than 5 years of follow up, 32 were asymptomatic 
before surgery. In the long term, just 53.1% of these 
were still asymptomatic, although 93.6% were neuro- 
logically normal after 1 year. This outcome was relat¬ 
ed mainly to the complexity of the malformation, 
but not to âge, and only in asymptomatic cases to the 
quality of surgery [210]. 
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In conclusion, we recommend: (1) that surgery 
should be recommended only for symptomatic pa¬ 
tients with spinal lipomas, (2) that sizeable lipomas 
should be debulked, (3) that surgery has to limit post- 
operative arachnoid scarring (i.e., no unnecessary 
dissections, careful handling of the arachnoid, and 
duraplasty with Gore-Tex®), and (4) that surgery on 
small lipomas should be concentrated on untethering 
the cord. 


4.5.5 

Ependymomas of the Filum Terminale 

Twenty-nine ependymomas in 26 patients were en- 
countered, and 26 operations were performed. Three 
patients with extensive ependymomas over several 
spinal segments rejected surgery. Patients presented 
at an average âge of 36±12 years (range 13-57 years) 
after a mean history of 25±44 months [30, 34, 218, 
235, 250]. Ependymomas of the filum terminale oc- 
curred in children at between 10 and 14 years of âge 
[79, 250]. These tumors may be associated with quite 
long clinical historiés of several years [30, 235, 250]. 
The longest preoperative history in our sériés was 
over 8 years. 

Pain was the commonest initial symptom and was 
reported by 74% of these patients (Table 4.33) [30,218, 
235, 250], Other symptoms were rare as initial com- 
plaints. At présentation, 70% still regarded pain as 
their main concern, with 11% each naming gait ataxia 
or motor weakness as the major symptom. Only 7% 
considered sphincter problems as the main symptom, 
even though 52% did hâve some problems with blad- 
der function [77]. These tumors may contain hemor- 
rhages [218] and may even présent with subarachnoid 
bleeding [30, 77], 

Extramedullary ependymomas arise from the 
ependyma of the filum terminale. Histologically, 
the overwhelming majority are myxopapillary. The 
main bulk of the tumor is located in the lumbar canal 
below the conus medullaris. Extension in the thoracic 
spine was observed in 31% of cases (Figs. 4.18, 4.49, 
and 4.103), and 24% presented with extension into 
the sacrum (Figs. 4.18 and 4.19). Some may fill the 
entire lumbosacral canal. These tumors may spread 
due to subarachnoid seeding [236]. We hâve not seen 
a patient with a spinal metastasis of a fourth ven- 
tricular ependymoma. Nevertheless, a cranial CT or 
MRI should be performed in every such patient to 
rule out this possibility. With primary ependymomas 
of the filum terminale, however, seeding was observed 
into other areas of the spinal canal (Figs. 4.18 and 
4.19). 


Table 4.33. Symptoms of patients with ependymomas of the 
filum terminale 



Pain 

74% 

85% 

Gait ataxia 

4% 

37% 

Motor weakness 

7% 

44% 

Sensory déficits 

4% 

41% 

Dysesthesias 

4% 

22% 


The diagnosis can usually be made with gadolini- 
um-enhanced MRI. Extramedullary ependymomas, 
like their intramedullary counterparts, enhance 
brightly with contrast. Enhancement may be homo- 
geneous or patchy, as these neoplasms may be associ¬ 
ated with small intratumoral cysts and hemorrhages. 

Removal of ependymomas in the lumbar and sacral 
région may be quite difficult as these tumors are well 
vascularized and may not display a capsule (Figs. 4.49 
and 4.50), so that they may completely encase nerve 
roots of the cauda equina [34, 250]. Chang et al. [37] 
obtained complété resection for only 40% of cases. 
Celli et al. [30] reported complété resections for 71% 
of tumors, Cervoni et al. [34] in 69% of patients, and 
Rivierez et al. [218] in 75%. In a literature review, Lon- 
jon et al. [160] analyzed reports on 278 ependymomas 
and determined a complété resection rate of 72%. 
Nerve roots and the spinal cord may be very adhèrent 
to or even infiltrated by the tumor [30, 34, 79]. In the 
sériés of Celli et al. [30], 2 patients died postopera- 
tively, 8 improved, 7 were left unchanged, and 11 were 
worse postoperatively. Surgical morbidity for these 
tumors is considerably higher compared to other ex¬ 
tramedullary pathologies [203]. For this reason, 20 
tumors (76%) were removed completely and the re- 
maining 6 (24%) subtotally in our sériés [235]. Three 
patients with incomplète resections underwent post- 
operative radiation without subséquent tumor récur¬ 
rence. Two of these had been operated on récurrent 
tumors [69,167, 236, 240], 

Radiotherapy appears to hâve an effect on incom- 
pletely resected ependymomas of the filum terminale 
[250], In a literature review of 278 tumors, complété 
resections were associated with a récurrence rate of 
15% and partial resections with a rate of 43%. With 
radiotherapy and partial resections, the récurrence 
rate was significantly lower than after partial resec¬ 
tions alone (33% and 55%, respectively). Kaplan-Meier 
statistics, however, were not applied [160], Similarly, 
Sonneland et al. [250] reported a récurrence rate of 
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Fig. 4.103 Sagittal (a) and axial (b) Tl-weighted, contrast-enhanced MRI 
scan of an extensive ependymoma at Thll-L5 in a 47-year-old woman 
with a long history of back pain and slight distal weakness and sphincter 
disturbances, c The X-ray in anterior-posterior view displays thinned 
pedicles in the upper lumbar spine. The postoperative X-rays in anterior- 
posterior (d) and latéral (e) views demonstrate the perfectly aligned rein- 
serted laminae. The postoperative Tl-weighted MRI scans with contrast 
before discharge (f ) and after 4 years (g) shows no tumor remnant or 
récurrence and a maintained lumbar lordosis. h The axial T2-weighted 
scan demonstrates the conus surrounded by caudal nerve roots. Postop- 
eratively, the patient demonstrated aggravated sphincter problems and 
sensory déficits with unchanged motor functions, which subsequently 
recovered 
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Symptom 

Preope- 

Postope- 

3 Months 

6 Months 

1 Year 


stetls 


postop. 

postop. 

postop. 


Pain 3.3±0.8 

Hypesthesia 4.0±1.1 

Dysesthesias 4.7±0.6 

Gait 4.2±1.0 

Motor power 4.0±1.0 

Sphincter function 3.9±1.5 

Karnofsky score 76±6 


3.9+0.6 4.3±0.6 4.3±0.6 

4.3+1.0 4.4±1.0 4.5±0.9 

4.5±0.7 4.6±0.6 4.7±0.6 

4.1+1.2 43*1.1 4.5±1.1 

4.0±1.3 4.3±1.2 4.3±1.1 

3.7±1.6 4.0±1.4 4.1±1.4 

75±14 79±14 81±12 


4.3±0.8** 

4.5±0.9* 

4.7±0.6 

4.5±0.8 

4.4±0.9 

4.1±1.4 

84±11** 


Table 4.34. Clinical course for 
patients with ependymomas of the 
filum terminale 


Statistically significant différence between preoperative status and 1 year postopera- 
tively: *p< 0.05, **p<0.01 



Time in Months 


Fig. 4.104. Tumor récur¬ 
rence rate for ependymomas 
of the filum terminale 


10% after complété resections, 34% after piecemeal, 
and 41% after partial removals. Cervoni et al. [34] ob- 
served 14 récurrences in a sériés of 36 patients. Eleven 
of these had undergone subtotal resections due to 
nerve root infiltrations. In another paper, Cervoni et 
al. [32] determined a long history, incomplète resec¬ 
tion, and infiltration of nerve roots as independent 
factors for a tumor récurrence in a sériés of 78 epen¬ 
dymomas. Before the introduction of microsurgery, a 
récurrence rate of 53% was determined. With micro¬ 
surgery, a slight decrease to 47% was observed. One 
paper even reported lower récurrence rates after par¬ 
tial resections followed by radiotherapy as opposed to 
complété resections alone [79], whereas the récur¬ 
rences in the aforementioned study by Cervoni et al. 
[34] had developed despite radiotherapy. Therefore, 
complété resections should be attempted whenever 
possible [30,160,185], 


Within the first postoperative year, we hâve seen 
significant 

improvements for sensory disturbances and pain, 
and a significant increase of the Karnofsky score 
(76±6 preoperatively to 84±11 after 1 year; Table 4.34). 
In their sériés of 15 patients, Schweitzer and Batzdorf 
[235] obtained excellent results in 53%. Outcome was 
better for patients presenting predominantly with 
pain rather than neurological déficits. 

In our sériés, the overall tumor récurrence rates 
were 12% and 30% within the lstyear and after 
10 years, respectively (Fig. 4.104). In the literature, ré¬ 
currences hâve been described after as long as 42 years 
following a complété resection [31]. From a literature 
analysis, these authors estimated a récurrence rate of 
19% (without applying survival statistics). In an ear- 
lier paper, they had described 11 récurrences among 
28 patients [30], 
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4.5.6 

Métastasés 

Extramedullary as well as intramedullary métastasés 
of carcinomas are rare. We hâve encountered ten in¬ 
tradural extramedullary métastasés in seven patients 
undergoing eight operations without prédilection for 


a particular primary tumor (three bronchial, two thy- 
roid, one breast, one melanoma, one hypernephroma, 
one unknown primary tumor) [177]. 

In our sériés, two patients reported pain as the ma¬ 
jor complaint, while the remainder were concerned 
mainly about gait problems and motor weaknesses. 




Fig. 4.105. Sagittal T2- (a) and Tl-weighted, contrast- 
enhanced MRI scans (b) of multiple thoracolumbar extra¬ 
medullary melanoma métastasés in 46-year-old woman with 
a 4-week history of pain and progressive paraparesis. c The 
axial T2-weighted image shows significant compression of 
the conus by this metastasis at Ll. d Intraoperative view, 
taken after dura opening, showing a small hematoma under- 
neath the arachnoid. e After arachnoid opening, the caudal 
nerve roots can be seen completely covering the tumor. 
f The tumor becomes visible following mobilization of the 
caudal roots. (Continuation see nextpage) 
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Fig. 4.105. With debulking of the tumor (g), it becomes ap- roots were coagulated. I This final photograph shows the situ- 

parent that several nerve roots are attached (h) and infiltrated ation after complété resection of the tumor. (Continuation see 

by the tumor (i). j Each root was dissected free with tumor nextpage) 
forceps, k The tumor-feeding arteries attached to the nerve 
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Fig. 4.105. (Continued) Thepost- 
operative sagittal (m) and axial (n) 
Tl-weighted, contrast-enhanced 
scans demonstrate the complété 
resection at L1 and a small épidural 
CSF collection. The patient was 
unchanged postoperatively and 
referred for further chemotherapy 



Four surgeries resulted in complété resections; the re- 
mainder were partial removals. Patients with incom¬ 
plète resections underwent postoperative local radia¬ 
tion. Postoperative clinical results were disappointing, 
without even short-lived improvements. 

From our expérience we would question the value 
of surgery of these lésions. Similar to intramedullary 
métastasés, it appears that extramedullary spread of 
carcinomas indicates a final stage of the disease in 
the majority of cases, half of patients dying within 
6 mont h s after surgery [177]. Therefore, surgery 
should be reserved for patients with a single metasta- 
sis and otherwise good control of the carcinoma, or 
as a palliative measure for patients with significant 
local symptoms but no alternative therapeutic option 
(Fig. 4.105). 

4.5.7 

Angioblastomas 

Four patients were encountered with extramedullary, 
intradural angioblastomas (Figs. 4.51 and 4.52). Two 
of these had von-Hippel-Lindau disease (VHL). Like 
patients with NF-2, ail VHL patients should undergo 
yearly MRI examinations of the entire neuraxis. Ail 
but one tumor in this sériés were localized in the tho- 
racic spine. However, other localizations and angio¬ 
blastomas with extradural extension hâve been de- 
scribed [92], The problem with these tumors is 
achieving a correct preoperative diagnosis. As men- 


tioned for the much larger group of intramedullary 
angioblastomas, attempts to remove the tumor in a 
piecemeal fashion should be avoided, as profuse 
bleeding will be encountered. In other words, mistak- 
ing this tumor for a schwannoma, for instance, and 
entering the tumor capsule for debulking will resuit 
in a very unpleasant situation. In patients with known 
VHL, the correct diagnosis will not be a problem. In 
sporadic cases, however, MRI angiography or spinal 
angiography would probably be required, and these 
are not performed before surgery on a routine basis. 

The average âge in our small sériés was 43±17 years, 
with a preoperative history of 25±31 months and a 
preoperative Karnofsky score of 63±29. Postopera¬ 
tively, the neurological situation was improved for 
three and unchanged for the remaining patient. Ail 
tumors were removed completely, with no récurrenc¬ 
es so far. With sizeable tumors, preoperative emboli¬ 
zation may be helpful and was used in one of our 
patients (Fig. 4.52). 

4.5.8 

Cavernomas 

Cavernomas are rare tumors of the spinal canal. Most 
are reported to occur in the spinal cord, with only ex- 
ceptional cases in the extramedullary location. Ac- 
cording to one review, most extramedullary caverno¬ 
mas were reported in males at the thoracolumbar 
région [196], 
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We observed two such lésions in this sériés. Both 
demonstrated a short history of a few weeks with sud- 
den onset of pain without any other neurological déf¬ 
icits. Both processes - one at Th3 and the other at L3 
- were removed completely with good pain relief. 
With bipolar coagulation the lésion could be shrunk, 
allowing safe dissection of surrounding structures 
and radical removal. Sharma et al. [239] and Acciarri 
et al. [2] observed two extramedullary cavernomas, 
each with good results, except for one patient with 
persistent sphincter dysfunctions related to a cauda 
equina cavernoma [239]. 

4.5.9 
Sarcomas 

One patient was operated twice within 8 months on a 
récurrent sarcoma with intra- and extradural exten¬ 
sion in the upper thoracic spine. The tumor had pro- 
gressed despite a combination of radiotherapy and 
chemotherapy. While the patient came to us first for 
the relief of pain, the second operation was performed 
to prevent a complété paralysis. After sufficient pain 
relief initially, the second operation was not able to 
prevent further détérioration and the patient lost her 
capacity to walk 2 months later. 

Surgery on such an extensive malignant tumor, 
which progresses despite adjuvant therapy, is always 
an uphill battle. However, if ail other options hâve 
been taken and surgery is the only chance to preserve 
neurological function at least for some time, it is hard 
to refuse an operation if the patient is desperate to 
keep his self-supporting capacity. 

4.5.10 

Hemangiopericytomas 

Hemangiopericytomas - formerly named angioblas- 
tic meningiomas - are highly vascularized tumors 
that may occur in the spinal canal in the vertébral 
body, or more commonly, attached to the méningés 
[159]. Most of the cases described in the literature 
were located extradurally, with only a few intradural 
cases reported. In a review article, Betchen et al. [19] 
found just 5 intradural cases among 39 spinal heman¬ 
giopericytomas. 

The radiological features are indistinguishable 
from other extramedullary tumors. They brightly en- 
hance with gadolinium. Due to their vascularization, 
preoperative embolization may be helpful in selected 
patients [43,183], 


In a study on 94 hemangiopericytomas of the en- 
tire nervous System, Mena et al. [174] determined a 
metastasis rate of 23.4%. Hemangiopericytomas are 
prone to local récurrences, regardless of localization 
[19]. Therefore, en bloc resection should be consid- 
ered where possible [19] and most authors regard 
postoperative radiotherapy as being essential [43, 99, 
174, 183], whereas the rôle of chemotherapy is not 
fully established. 

In our sériés, one hemangiopericytoma, which 
transgressed the dura at the C5/6 level, was operated 
in a 58-year-old patient. This tumor had been oper¬ 
ated on twice with postoperative radiotherapy at an- 
other institution and was located in the durai sleeve of 
the C6 root and very adhèrent to it. To preserve nerve 
function, a small tumor remnant had to be left in 
place. Postoperatively, motor function of the C6 root 
deteriorated slightly, but dysesthesias and pain im- 
proved. 


4.5.11 

Exophytic Astrocytomas 

One may argue that extramedullary astrocytomas do 
not exist. However, we hâve encountered a patient 
with an astrocytoma at the C1-C3 level, which is be- 
lieved to hâve grown exophytically out of the spinal 
cord. But intraoperatively, no clear connection with 
the cord was identified. It can only be speculated that 
a small pedicle of tissue had existed, which discon- 
nected during dissection. The tumor was removed 
completely with no subséquent récurrence or évi¬ 
dence of an intramedullary counterpart on MRI. 


4.5.12 

Tumors with Subarachnoid Seeding 

In this subgroup, 44 tumors in 18 patients were treat- 
ed in 26 surgeries. Ail of the involved histologies were 
malignant. Récurrence rates differed somewhat for 
these patients depending on the tumor type. But over- 
all, 51% recurred within 1 year and 92% within 5 years 
(Fig. 4.106). 55% of patients died within 1 year, with a 
long-term survival of 37% for 10 years (Fig. 4.107). A 
significant effect of surgery was a réduction of pain, 
which was the major problem for 41% of patients at 
the time of the operation. Another 41% were operated 
for a rapidly progressing paraparesis, which was im- 
proved significantly in the majority of cases. 

In other words, surgery is not curative, and one 
may argue that surgery is of little value in this group 
of patients. But we do not think, that a categorical 
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Fig. 4.106. Overall tumor 
récurrence rate for extra- 
medullary tumors with 
subarachnoid seeding 



Fig. 4.107. Overall survival 
rate for extramedullary 
tumors with subarachnoid 


Time in Months 


statement is warrantée!. Treatment of these patients 
has to be considered on an individual basis: What is 
the overall prognosis? What adjuvant thérapies are 
available? How is the general health status of the pa¬ 
tient? How much is the quality of life affected by the 
spinal process? What does the patient expect? These 
are some of the cardinal questions that need to be an- 
swered before a decision to operate or not to operate 
can be made. In terms of surgical management, the 
same aspects apply as described for other extramed¬ 
ullary tumors. 


4.5.12.1 

Neuroblastomas 

Twelve neuroblastomas were operated on 3 patients in 
3 operations. Ail surgeries had to deal with multiple 
tumors in patients with subarachnoid seeding of in- 
tracranial tumors, resulting in incomplète resections 
and subséquent récurrences within 6 months, except 
for the patient undergoing postoperative local radia¬ 
tion, which was followed by a recurrence-free interval 
of 5 years. Ail patients had neurological symptoms, 
but the major preoperative concern for ail three pa¬ 
tients was radicular pain. Postoperative clinical re- 
sults were characterized by improvements in pain but 
unchanged neurological symptoms and slightly im- 
proved Karnofsky scores. 
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4.5.12.2 

Melanocytomas 

Melanocytomas occur predominantly in the posterior 
fossa and spinal canal, with a female prédominance 
[45], Other terms used for these tumors are melanotic 
meningioma, melanotic schwannoma, and meningeal 
melanocytoma. As the differential diagnosis to mela- 
noma métastasés may be difficult, it appears reason- 
able to refer patients with these tumors to a thorough 
dermatological examination. 

Eight extramedullary melanocytomas were oper- 
ated in two patients with subarachnoid seeding of 


these lésions (Fig. 4.108). One of these patients 
was presented in a case report in 1992 [262], Gait 
problems were the major clinical problem in two 
instances, while the remainder were troubled by pain 
or dysesthesias. Tumor récurrences occurred after 
each operation within 3 years, even though six ope¬ 
rations had resulted in what appeared to be a com¬ 
plété resection. Again, local infiltration, high vascu- 
larity, and the dissémination of tumor cells limit 
surgical success. The value of postoperative radiation 
of the entire neuraxis is still not completely clarified 
[45], 



Fig. 4.108. Cranial (a) and spinal (b, c) 
sagittal Tl-weighted, contrast-enhanced 
MRI scans of a disseminating melanocy¬ 
toma in a 33-year-old woman with a 
4-month history of progressive paraparesis. 
She had undergone surgery and radiotherapy 
for a melanocytoma of the posterior fossa 
years earlier. Apart from a local récurrence 
and intracranial tumors, spinal melanocy¬ 
tomas were detected at C7, Thl, and Th2. 

(Continuation see nextpage ) 
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Fig. 4.108. d Axial Scan showing compression of the cord 
from both sides at Thl. e Intraoperative view taken with the 
patient in the semisitting position after dura and arachnoid 
opening, showing the tumor at C7 anterior to the posterior 


roots on the right side. With piecemeal removal (f) the tumor 
that did not display a capsule was resected (g). (Continuation 
see next page) 


4.5.12.3 

Teratomas 

In one 20-year-old patient, six malignant extramed- 
ullary teratomas in the thoracic and lumbar spine 
were resected completely in a single operation after 
chemotherapy had failed to control the clinical situa¬ 
tion. The patient did not benefit from surgery and 


died 1 month later. Sharma et al. [238] reported on 
a sériés of ten spinal teratomas. None of them was 
classified as malignant, seven were associated with 
stigmata of spina bifida, and just one récurrence was 
observed after seven complété and three partial resec¬ 
tions. 
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4.5.12.4 

Chordomas 

Asano et al. [15] observed a 53-year-old patient with 
multiple chordoma metastasis in the thoracic and 
lumbar spinal canal 11 years after initial surgical 
treatment of a clivus chordoma, which had been oper- 
ated upon five times via extra- and intradural ap- 
proaches over the years. Among a sériés of 82 patients 


with skull-base chordomas, Arnautovic and Al-Mefty 
[14] observed seeding to various locations in six pa¬ 
tients, mostly related to surgical maneuvers at the ini¬ 
tial operation. 

We hâve operated on five extramedullary chordo¬ 
mas in two patients in three surgeries. Ail patients 
underwent postoperative radiation therapy after par¬ 
tial resections of these tumors. Chordomas develop 
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primarily from remnants of the notochord. Subarach- 
noid spread usually indicates a more aggressive tumor 
and may indicate rapid progression, with pénétration 
of the dura and consequently a poor prognosis. One 
patient died within 2 months of surgery, while the 
other survived 6 years with a disease-free interval of 
3 years. 


4.5.12.5 

Medulloblastomas 

Subarachnoid seeding of a medulloblastoma is a poor 
prognostic sign indicating widespread disease. Two 
patients were operated with such extramedullary tu- 
mors in the spinal canal and received postoperative 
adjuvant therapy. Both patients died within 1 year of 
the spinal operation. Whether surgery of a spinal me- 
tastasis influences overall morbidity and survival is a 
matter of discussion. 


4.5.12.6 

Germinomas 

One germinoma metastasis at the fourth thoracic lev- 
el was operated in a 22-year-old patient with a rapidly 
progressive paraparesis that had evolved within 
1 week. After partial resection and a duraplasty the 
patient underwent radiotherapy without neurological 
recovery. 


4.6 

Management of Récurrent Extramedullary 
Tumors 

Even though the great majority of extramedullary tu¬ 
mors are benign and can be resected completely, a sig- 
nificant proportion of them may recur. These cases 
pose some additional problems that we would like to 
comment on. The clinical and radiological diagnosis 
of a récurrent extramedullary tumor is usually 
straightforward. Patients should undergo regular 
neurological check ups and MRI Controls after a first 
operation. In our sériés, local récurrences of benign 
extramedullary tumors occurred anytime through- 
out the first 10 years - 20% within the first 5 years, 
36% after 10 years (Fig. 4.68). With yearly checks, 
most récurrences can be picked up before symptoms 
hâve developed. 

Meningiomas, schwannomas, hamartomas, arach- 
noid cysts, and ependymomas are the commonest 


histologies in this category. Overall, 85 operations 
dealt with récurrent extramedullary tumors 
(Figs. 4.43, 4.76, 4.78, and 4.85). In terms of the clini¬ 
cal présentation, we could not detect a significant dif¬ 
férence compared to patients operated on for the first 
time. Even the preoperative historiés (26±50 months 
and 24±52 months for first and récurrent tumors, re- 
spectively) and Karnofsky scores (70±15 and 67±14 
for first and récurrent tumors, respectively) were 
comparable. 

Surgery on récurrent extramedullary tumors faces 
several obstacles: the problems of spinal stability and 
épidural scar formation hâve already been dealt with. 
Intradurally, the big différence with a first operation 
is the arachnoidal layer. Whereas préservation of the 
arachnoid membrane during the initial dissection af¬ 
ter durai opening allows a safe, first orientation in a 
primary operation, arachnoid scarring may interfère 
with the dissection and précisé localization of tumor 
boundaries significantly. Therefore, it is mandatory 
to start the durai incision and intradural dissection 
above and below the previous exposure before at- 
tempting dissection of a récurrent tumor. Doing so 
allows to use of the unaltered arachnoid as a guide 
during dissection toward the tumor and prevents in¬ 
jury to the cord and its vessels. Once the tumor 
boundaries hâve been defined, debulking is the next 
step. Finally, the tumor capsule or remaining tumor 
parts are removed provided they can be safely dis- 
sected off the nerve roots and spinal cord. Here again, 
arachnoid scarring may obscure the exact outlines of 
a tumor, making this last part difficult or even impos¬ 
sible without undue risks to important structures. 
Whenever arachnoid scarring is part of the pathology, 
we recommend a duraplasty to limit postoperative 
cord tethering. 

With récurrent tumors, just 51% could be resected 
completely, compared to 81% during first surgeries 
(chi-square test: p<0.0001). On average, patients with 
récurrent tumors did not demonstrate clinical im- 
provements postoperatively. Therefore, for each clini¬ 
cal sign and symptom, the postoperative resuit after 
1 year was significantly worse compared to patients 
after a first operation, who demonstrated clinical im- 
provements regularly (Table 4.11). This différence is 
not attributable to a higher surgical morbidity, but 
to a significantly higher récurrence rate in the first 
postoperative year (33% and 8% for récurrent and pri¬ 
mary operations, respectively; log-rank test: p>0.0001; 
Table 4.14 and Fig. 4.69). 
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4.7 

Conclusions 

Complété resection of extramedullary tumors should 
be attempted as soon as the diagnosis is made. In gen¬ 
eral, postoperative outcome and further prognosis are 
excellent. 

Patients with systemic diseases such as NF-2 and 
VHL, who demonstrate spinal manifestations, re- 
quire regular MRI examinations of the entire spine at 
6- to 12-month intervals to detect individual tumors 
that may compromise neurological function, in order 
to preserve functional status and quality of life before 
severe déficits hâve developed. 

Surgical therapy should be followed by thorough 
réhabilitation programs for patients with severe pre- 
operative neurological déficits, as significant func¬ 
tional improvements can be expected even for patients 
in advanced âge. 

Infiltrative and récurrent extramedullary tumors 
show différences in clinical présentation, are more 
difficult to resect, and carry a worse prognosis than 
the more common encapsulated tumors. They remain 
a major surgical challenge. 

Patients with spinal hamartomas associated with 
complex malformations should be referred to neuro¬ 
surgeons experienced with their management. 
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In this section on extradural tumors of the spinal ca¬ 
nal, two groups hâve to be distinguished: soft-tissue 
and bone tumors. The latter may again be subdivided 
into primary and secondary neoplasms. These tu¬ 
mors differ in several important aspects: whereas 
soft-tissue tumors are predominantly benign and do 
not destroy the biomechanical properties of the spinal 
column per se, bone tumors interfère with spinal sta- 
bility, and malignant entities predominate. During 
the past years, surgical management of bone tumors 
has undergone profound changes, with better under- 
standing of spinal biomechanics and improved fusion 
and reconstruction techniques. In this chapter we 
provide an overview of clinical présentations, neuro- 
radiological features, surgical techniques, and post¬ 
operative results for épidural soft-tissue and bone 
tumors of the spine. Tables 5.1 and 5.2 give an Over¬ 
View of the different histologies among 329 extra¬ 
dural spinal tumors in this sériés. 


Table 5.1 . Epidural soft-tissue tumors 



Nerve sheath tumor 

65 

Synovial cyst 

14 

Arachnoid cyst 

9 

Soft-tissue sarcoma 

9 

Cavernoma 

4 

Hamartoma 

1 

Angiolipoma 

1 

Hemangiopericytoma 

1 

Calcified pseudotumor 

1 

Total 

105 
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Table 5.2. Epidural bone tumors 


1 Type of tumor 

Number 1 

Metastasis 

144 

Chordoma 

20 

Plasmocytoma 

19 

Chondrosarcoma 

13 

Lymphoma 

8 

Ostéogénie sarcoma 

4 

Osteoblastoma 

4 

Aneurysmatic bone cyst 

4 

Hemangioma 

3 

Ewing sarcoma 

3 

Giant cell tumor 

1 

Histiocytosis X 

1 

Total 

224 


5.1 

History and Diagnosis 

Most patients with épidural tumors présent a classic 
clinical pattern: local pain, radicular symptoms, and 
spastic para- or tetraparesis. Overall, we hâve ob- 
served local pain as the first symptom in 75% of pa¬ 
tients with épidural tumors (65% with soft-tissue and 
79% with bone tumors). Just 9% and 7% of patients 
reported gait or motor disturbances initially, respec- 
tively (Table 5.3). At présentation, major complaints 
were pain (49%), gait ataxia (39%), or motor weakness 
(7%). Table 5.4 provides an overview in terms of the 
neurological picture at the time of surgery. Remark- 
ably, a few patients presented just with a local swelling 
due to the posterior extraspinal extension of the tu- 
mor (Fig. 5.1). 

Soft-tissue tumors develop within the épidural 
space, displace épidural fat and veins and then com- 
press the dura. They tend to grow along and around 
the durai sac and often proceed toward the inter¬ 
vertébral foramina into the paraspinal spaces. The 
foramina may then be enlarged due to bony érosion. 
If a space-occupying process grows slowly enough 
from early childhood on, vertébral bodies may even 
become distorted or dysplastic. Clinical symptoms 
progress gradually and pain is the dominating clini¬ 
cal problem throughout the clinical course in 58% of 
patients. Other major complaints at présentation were 
gait ataxia (22%), motor weakness (7%), dysesthesias 
(4%), hypesthesia (3%), or sphincter problems (2%). 

Bony tumors présent comparable clinical patterns 
but tend to either distort or destroy the bony anatomy 


Table 5.3. Initial symptoms of épidural spinal tumors 



Pain 

65% 

79% 

75% 

Gait ataxia 

10% 

8% 

9% 

Motor weakness 

6% 

6% 

7% 

Sensory déficits 

3% 

1% 

2% 

Dysesthesias 

10% 

3% 

5% 

Sphincter problems 

2% 

1% 

1% 

Local swelling 

3% 

1% 

2% 


Table 5.4. Symptoms of épidural spinal tumors 

at presen- 


Pain 

82% 

96% 

92% 

Gait ataxia 

47% 

67% 

61% 

Motor weakness 

60% 

66% 

64% 

Sensory déficits 

66% 

74% 

72% 

Dysesthesias 

40% 

18% 

24% 

Sphincter problems 

19% 

39% 

33% 


primarily - depending on the benign or malignant 
nature of the tumor. Local pain is the prédominant 
first symptom in 79% of patients and is caused by in¬ 
filtration of bone and periosteum. Once the tumor 
compresses the intervertébral foramina or breaks out 
into the soft-tissue, radicular symptoms may develop 
before the spinal cord finally becomes affected. In a 
study on spinal métastasés, for instance, 80% of pa¬ 
tients were found to progress from local pain to neu¬ 
rological symptoms within 2 months [230], However, 
as stability of the spine may be compromised by ma¬ 
lignant tumors in particular, sudden clinical deteora- 
tions due to collapse of a vertébral body and spinal 
instability are not uncommon. At présentation, 45% 
of patients with bony tumors were affected predomi- 
nantly by local pain and gait problems. 

Compared to patients with intra- and extramedul- 
lary tumors, épidural tumors produce significantly 
more pain [363, 504], Furthermore, patients with épi¬ 
dural tumors showed the highest proportion of ad- 
vanced spinal cord lésions at présentation (i.e., pa¬ 
tients unable to walk, 31%, or with bladder and bowel 
incontinence, 17%). This is due mainly to bony tu¬ 
mors causing sudden cord compression from patho- 
logical fractures and the higher incidence of malig- 
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Fig. 5.1. Sagittal (a) and axial (b) 
Tl-weighted magnetic résonance 
imaging (MRI), scans with contrast of 
a large thoracic chondrosarcoma in a 
43-year-old man with a painful swell- 
ing in the back (c) and slight sensory 
changes in his legs 




y 



nant tumors. In other words, the clinical course does 
not exclusively correlate with tumor growth as in in- 
tra- or extramedullary tumors, because symptoms 
related to spinal instability may take over. 

There were significant différences for the average 
patient history (26±50months and 6±10months, 
respectively; p<0.0001) and for the preoperative 
Karnofsky scores (75±15 and 58±19, respectively; 
p<0.0001) between patients with soft-tissue and bone 
tumors. This différence is attributable to the higher 
proportion of malignant tumors in the latter group 
(4% and 83%, respectively) and is reflected in dif¬ 
férences in patient history (21±43 months and 
6±12 months, respectively; p<0.0001) as well as in the 
preoperative Karnofsky score (73±15 and 56±19, re¬ 
spectively; pcO.OOOl) in the benign and malignant 
bone tumor groups, respectively. 


5.2 

Neuroradiology 

Whereas the neuroradiological diagnosis of intra- 
and extramedullary tumors dépends nowadays al- 
most exclusively on magnetic résonance imaging 
(MRI), the situation is different for extradural tu¬ 
mors, especially bone tumors. Even though modem 
MRI allows excellent visualization of soft-tissue and 
bone structures, computed tomography (CT) and 
plain X-rays are an absolute must for bone tumors of 
the spine and are recommended for extradural soft- 
tissue tumors as well. 

Neuroradiological examinations of an extradural 
tumor hâve to provide information on the following 
points: 

1. Localization and extent of the tumor. 

2. Différentiation between soft-tissue and bone tu¬ 
mors. 
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3. Différentiation between a destructive and disp- 
lacing tumor. 

4. Response of surrounding tissues. 

5. Involvement of major vessels. 

6. Spinal stability. 


5.2.1 

Soft-Tissue Tumors 

Oblique X-ray studies can visualize the intervertébral 
foramina. Widening of the foramina may be observed 
mostly, but not exclusively in schwannomas (Fig. 5.2), 


as this phenomenon has also been shown for a great 
variety of histologies such as osteoblastomas, chon- 
drosarcomas, and meningoceles [580]. 

Within the paraspinal spaces, some épidural tu¬ 
mors may grow to enormous sizes. The visualization 
of such tumor extensions is the domain of MRI 
(Fig. 5.3). However, it may be advisable to perform a 
conventional angiography in selected cases to estab- 
lish the involvement of major vessels such as the ver¬ 
tébral artery [87,173,258,395], In highly vascularized 
tumors, such studies can be combined with preopera- 
tive embolization [173, 200], 






Fig. 5.2. Sagittal (a) and axial (b) Tl-weighted, contrast-enhanced 
MRI scans of a lumbar extradural schwannoma at L2-L3 on the right 
side ( arrowheads ) in a 53-year-old man with a 5-year history of radicular 
pain. The MRI demonstrates a hyperdense cleft surrounding the tumor, 
indicating the compressing rather than infiltrating influence of this 
tumor. The latéral X-ray (c) and the bone window computed tomography 
(CT) scan (d) show marked enlargement of the neuroforamen with a 
sclerotic rim and no evidence of bone destruction 
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Fig. 5.3. Sagittal (a) and axial (b) Tl-weighted, contrast-enhanced MRI scans of a huge, cystic lumbar schwannoma in a 
40-year-old patient with neurofibromatosis type 2 (NF-2) with compression of the entire abdomen 



Fig. 5.4. Sagittal T2- (a) and Tl-weighted, contrast-enhanced 
MRI scan (b) of an épidural cavernoma at L3 in a 73-year-old 
man with a 10-year history of pain and radicular irritation of 
the right L4 root. On the T2-weighted image (a), the lésion 
appears hypointense similar to a dise. The Tl-image (b) shows 



inhomogenous enhancement with contrast of this sharply de- 
marcated lésion, c The axial Tl-weighted scan demonstrates 
the cavernoma in close proximity to the right intervertébral 
joint compressing the dura 


Epidural schwannomas may be solid or cystic with 
bright contrast enhancement. Usually they are local- 
ized laterally, compress the dura, and grow along the 
nerve sheath through the neuroforamen into the extra¬ 
spinal space. They enlarge the neuroforamen (Fig. 5.2). 


In most cases, the extraspinal part is larger than the 
intraspinal one (Fig. 5.3). Quite often it is not possible 
to rule out small intradural tumor extensions on MRI, 
so that the dura has to be opened along the nerve root 
for intradural inspection in such instances (Fig. 5.2). 
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Fig. 5.5. Sagittal Tl-weighted, contrast-enhanced MRI scan with back pain and a slight paresis on the left side. The sagittal 
(a) and sagittal (b) and axial (c) T2-weighted images of an T2-weighted image displays septations of the cyst as a resuit of 
épidural cavernoma with an extensive hémorrhagie cyst at repeated hemorrhages 
Th2-Th6 (arrowheads in a and b) in a 46-year-old woman 



Fig. 5.6. Axial Tl- (a) and T2-weighted (b) MRI scans and 
postmyelographic CT (c) of a calcified synovial cyst at L4/5 
on the right side in a 49-year-old woman with a 4-month 
history of radicular symptoms. The lésion appears hypo- 
intense on MRI but hyperintense on CT and in close relation- 
ship to the intervertébral joint 
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Fig. 5.7. Sagittal T2- (a) and Tl-weighted (b) MRI scans of an 
épidural arachnoid cyst at L1-L2 in a 46-year-old woman com- 
plaining about back pain, a slight paraparesis and sphincter 
problems. On T2, the épidural localization of this cyst is eas- 


ily détectable with the ventral dura appearing as a dark band 
(i arrowhead in a). On Tl, the relationship between the dura 
and cyst is not even clear on the axial scan (c) 



Fig. 5.8. Sagittal T2- (a) and Tl-weighted (b) MRI scans of an 
épidural arachnoid cyst at Thl0-L2 in a 12-year-old girl with 
a slight, painful paraparesis. The épidural localization can be 
diagnosed easiest on the Tl-image with the épidural space 


widened at either end of the cyst. Once again, the T2-image 
displays the dura best. c The axial Tl-weighted scan indicates 
an enormous amount of cord compression. The extradural po¬ 
sition of the cyst cannot be determined on this scan 


Epidural cavernomas demonstrate a varied signal 
pattern on MRI depending on the amount and Chem¬ 
ical State of the hemoglobin dérivâtes associated with 
smaller hemorrhages (Fig. 5.4). They may be associ¬ 
ated with considérable hémorrhagie cysts (Fig. 5.5). 


Synovial cysts contain fatty fluid. The signal pat¬ 
tern is inhomogenous on MRI and may resemble a 
cavernoma. CT demonstrates the connection to the 
intervertébral joint, making the differential diagnosis 
quite easy (Fig. 5.6). 
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Fig. 5.9 a This sagittal T2-weighted MRI shows a small syrinx 
at C2/3 and posterior displacement of the cord starting at the 
cervicothoracic junction in a 46-year-old woman with a previ- 
ous history of a horse-riding accident several years before de- 
veloping a slight tetraparesis. Starting at the level of the C2/3 
dise space, a dark band appears to converge on the cord ante- 
riorly and posteriorly ( arrowheads ). b This axial T2-weighted 
MRI scan taken at C5 shows the spinal cord surrounded by 
cerebrospinal fluid (CSF) and an épidural ventral cyst cen- 


tered on the right side. This cyst was détectable to the level of 
Th7. c This corresponding postmyelographic CT scan displays 
similar contrast filling in the subarachnoid space and épidural 
cyst. The lower cervical (d) and thoracic scans (e) demonstrate 
the varying amounts of cord compression, f At C3, this scan 
shows extradural accumulation of contrast medium, sug- 
gesting a dura defect at this level. In summary, this épidural 
arachnoid cyst developed as a resuit of a dura tear along the C3 
nerve root on the right side 
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Fig. 5.10 a This sagittal T2-weighted MRI picture shows an 
area of cord compression at Th4/5 and a small syrinx at Th7- 
Th8 in a 25-year-old woman with a slight paraparesis. Cardiac 
gated cine MRI scans taken in systole (b) and diastole (c) dem- 
onstrate a normal flow pattern with no evidence of a CSF flow 


abnormality. d The axial T2-weighted image at Th5 shows 
ventral displacement of the cord and a ventral arachnoid cyst 
enclosing three-quarters of the durai sac. e At Th4/5 the dura 
defect responsible for this cyst is visible anteriorly on the left 
side with the spinal cord herniating into the épidural cyst 


Similarly, épidural arachnoid cysts are easy to di¬ 
agnose. The space-occupying effect of these cysts is 
variable. Some compress the dura and spinal cord 
moderately (Fig. 5.7) or enormously (Fig. 5.8), others 
appear as slit-like dura dissections (Fig. 5.9). The di¬ 
agnostic challenge is the démonstration of the dura 
defect and, thus, the site of communication between 
the subarachnoid space and the cyst. This localization 
détermines the surgical strategy. Most épidural arach¬ 
noid cysts are associated with dura defects along a 
nerve root sleeve, especially where there is a history of 


trauma. Myelography and postmyelographic CT may 
be required to demonstrate this communication 
(Fig. 5.9). In rare instances, the spinal cord may her- 
niate into this dura defect (Fig. 5.10). 

Lymphomas and other infiltrating tumors such as 
soft-tissue sarcomas are iso- or hypointense on Tl- 
weighted images and demonstrate a high signal inten- 
sity on T2-weighted images. They grow within the 
épidural space surrounding the durai sac and accu- 
mulate contrast homogenously without destroying 
bone (Fig. 5.11) [86], 
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Fig. 5.11. Tl-weighted sagittal (a) and axial (b) MRI scans 
of a lymphoma at L3-L4 in a 60-year-old woman with back 
pain and a slight paraparesis. The lésion appears to be dif- 
fusely infiltrating with ill-defined borders. On the axial Scan, 
the épidural tumor, dura, and spinal cord appear to be indis- 


tinguishable. Likewise, there appears to be considérable dif¬ 
fuse, soft-tissue involvement. With contrast enhancement 
(c, d), the corresponding scans demonstrate bright enhance¬ 
ment and marked durai compression, which was not well 
appreciated on the unenhanced images 


Epidural pathologies that could be mistaken for tu¬ 
mors include chronic épidural hematomas, abscesses, 
dise prolapses, and spinal lipomatosis. Chronic épidu¬ 
ral hematomas display varying signal intensities on 
MRI depending on the âge of the hemorrhage 
(Figs. 5.12 and 5.13). They may extend over several spi¬ 
nal segments in patients with hémorrhagie diatheses 
(Fig. 5.12) or be locally confined (Fig. 5.13). A history 
of trauma is not required. Sequential examinations 
may demonstrate spontaneous résorption (Fig. 5.12). 


Spinal épidural abscesses may be caused by héma¬ 
tologie or local spread from a neighboring spondylo- 
discitis or vertébral abscess. The distinguishing fea- 
ture from a cystic tumor is the surrounding edema in 
the épidural space, which gives a somewhat blurred 
contour of the lésion in Tl-weighted images unless 
gadolinium is given (Fig. 5.14). 

Disc prolapses can usually be easily differentiated 
from épidural neoplasms due to their association with 
degenerative dise changes and lack of contrast en- 
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Fig. 5.12. Sagittal Tl- (a) and T2-weighted (b) MRI scans of 
a 54-year-old woman with chronic alcoholism and a history 
of sudden tetraparesis that recovered spontaneously over a 
period of 1 month. A ventral épidural hematoma is visible ex- 
tending from C2 to Th4. On the Tl-weighted image (a) the he¬ 
matoma appears hyperintense and on the T2-weighted image 


(b) the signal is similar to that of CSF. The T2-weighte image 
(b) and the axial Tl-weighted image (c) indicate the extradural 
localization of this hemorrhage. After 1 month most of the he¬ 
matoma has disappeared spontaneously (d, e). Please note the 
much brighter signal of the hematoma remnants compared to 
the initial pattern without application of contrast 
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Fig. 5.13 a Sagittal Tl-weighted MRI scan of an épidural 
hematoma at L4/5 in a 52-year-old man with a 6-month 
history of back pain radiating to L5 on the left side. The 
lésion displays different signal intensities related to repeated 
hemorrhages. The axial images (b, c) show the hematoma 
in the neuroforamen on the left side 


infiltrating épidural tumor. Spinal lipomatosis may 
be observed in grossly overweight patients, correlat- 
ing with the amount of body fat. It may also be related 
to steroid therapy. The distinguishing feature is the 
concentric compression of the durai sac by fat tissue 
(Fig. 5.16). 





hancement on MRI. However, some sequestrated her- 
niations may pose diagnostic problems if the neigh- 
boring dise appears normal and part of the lésion 
takes up contrast (Fig. 5.15). 

Spinal lipomatosis may cause significant durai 
compression and can be mistaken for a lipoma or an 
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Fig. 5.14. Sagittal Tl-weighted MRI scan without contrast (a), 
and contrast-enhanced T2- (b) and Tl-weighted scans (c) of an 
épidural abscess at Th5-Th7 in a 61-year-old woman presenting 
with acute paraparesis. The somewhat blurred démarcations of 
this lésion in the non-contrast-enhanced Tl-weighted image 
become better defined in the T2-weighted image, where a capsule 
becomes visible. After contrast, the center of the abscess is well 
appreciated, but its extension can only be estimated according to the 
space-occupying effect in this image, d The Tl-weighted, contrast- 
enhanced axial scan demonstrates septations within the abscess 






Fig. 5.15. Sagittal Tl-weighted MRI images without (a) and 
with contrast (b) and T2-weighted image (c) of a dise prolapse 
Thl2/Ll in a 44-year-old patient with a long history of back 
pain. On ail sagittal images the posterior longitudinal liga¬ 
ment appears intact with no narrowing of the dise space. 

The signal intensity of the prolapse appears to be slightly dif¬ 
ferent to that of the other intervertébral dises and is isodense 
to the spinal cord on ail scans. There is contrast enhancement 
at the upper and lower pôles of the lésion, d Only the axial 
T2-weighted image discloses the épidural localization of the 
lésion. The axial Tl-scans without (e) and with contrast (f) 
could easily be mistaken for a small meningioma 
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Fig. 5.16. Sagittal T2- (a) and Tl-weighted (b) MRI images of 
a 66-year-old, overweight man with a history of low back pain 
and spinal claudication. Starting at L1 and extending into the 
sacrum, there is profound accumulation of épidural fat with 


anterior displacement of the dura (arrowheads in a), (c) The 
axial Scan shows the characteristic concentric compression 
of the durai sac, which appears to be almost completely ob- 
structed 


5.2.2 

BoneTumors 

With intradural pathologies, which are operated from 
a standard posterior approach, visualization of the 
extent and localization of the tumor is sufficient for 
surgical planning. With épidural bone tumors, how- 
ever, spine radiographs and CT provide essential in¬ 
formation on spinal stability, the response of the sur- 
rounding bone and, thus, the biological activity of the 
tumor. Furthermore, the amount of destruction of 
bone, intervertébral dises, and joints hâve to be con- 
sidered for planning the surgical approach, tumor re¬ 
section, and - if required - reconstruction and stabi¬ 
lization. CT often allows a distinction between locally 
destructive, i.e. malignant processes (Fig. 5.17) and 
displacing and eroding, i.e. benign lésions (Fig. 5.18). 
It demonstrates more clearly whether adjacent inter¬ 
vertébral joints and vertébral bodies are compro- 
mised. A CT in bone-window technique often dem¬ 
onstrates intraosseous tumor extensions clearer than 
a MRI because signal changes related to the surround- 
ing bone edema may obscure tumor limits. 

The neuroradiological diagnosis of bone tumors is 
especially important for surgical planning. In selected 
cases, a three-dimensional CT reconstruction of the 
bony anatomy may be helpful (Fig. 5.19) [474], In ad¬ 
dition to localization and extension of the tumor, sta¬ 
bility issues hâve to be taken into account. Further¬ 


more, the distinction of malignant vs. benign and 
primary vs. secondary tumors has a profound influ¬ 
ence on the treatment strategy. Guidelines and clas¬ 
sifications hâve been introduced for this purpose. 
According to Boriani et al. [80], who modified the 
original classification of Enneking [157], benign and 
malignant bone tumors can be classified according to 
radiological and clinical criteria. Benign tumors are 
categorized into three groups. The first group (SI) 
describes tumors bordered by a true capsule with 
well-defined margins, which may even be visible on 
plain X-rays, and represents processes of very limited 
biological activity with minimal or no symptoms 
(Fig. 5.20). The second group (S2) describes slow- 
growing tumors with slowly developing symptoms, 
which are surrounded by a thin capsule and some re¬ 
active tissue, which may be well defined on MRI 
(Fig. 5.21). The third group of benign tumors (S3) is 
formed by rapidly growing lésions, which hâve to be 
considered as locally aggressive. Capsules are very 
thin, incomplète, or absent. The tumor invades neigh- 
boring structures and may be associated with a hy- 
pervascularized pseudocapsule. On X-rays, tumor 
limits are ill defined (Fig. 5.19). 

On the other hand, malignant tumors are subdi- 
vided in three major groups, with subgroups A and B. 
Low-grade tumors (IA and IB) are not accompanied 
by a true capsule, but a thick pseudocapsule of reac- 
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Fig. 5.17. Sagittal Tl- (a) and axial T2-weighted (b) MRI 
scans of a thoracic plasmocytoma at Th7 in a 62-year-old man 
with local pain. The MRI demonstrates a lésion inside the ver¬ 
tébral body with surrounding edema and intact intervertébral 
dises. The spinal cord is not compromised. Compared to the 
CT in the bone-window technique (c), the MRI gives less ac- 
curate information as to the amount of bone destruction. The 
cortical destruction and moth-eaten appearance of the verté¬ 
bral bone indicate a malignant tumor 



Fig. 5.18. Sagittal Tl- (a) and axial T2-weighted (b) MRI 
scans of an intraosseous cavernoma at L2 in a 57-year-old 
woman with a 3-year history of back pain. Apart from the hy- 
perdense signal intensity of this lésion in T2 and the missing 
edema surrounding the lésion, the cavernoma gives a similar 
appearance to a metastasis on MRI. c The CT in bone-window 
technique, however, indicates a small sclerotic rim and mostly 
preserved cortical bone around this lésion, indicating a slow- 
growing, henign process 
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Fig. 5.19. Sagittal T2- (a) and coronal Tl-weighted (b) MRI 
scans of a sacral infiltrative osteoblastoma in a 22-year-old 
patient with local pain and slight sphincter disturbances. 
Whereas the tumor appears well demarcated toward the bone 
and soft tissues on MRI, the bone-window CT (c) demon- 


strates a thin fragile capsule posteriorly. The lésion appears to 
be locally destructive and confined to the posterior bony élé¬ 
ments. d The three-dimensional reconstruction of this tumor 
provides a good orientation in terms of tumor extension 
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Fig. 5.20. Conventional (a), axial (b) and coronal (c) bone-window CT scans of 
an osteoid osteoma in the vertébral arch of L3 on the left side in a 19-year-old patient 
complaining about local pain. These images demonstrate an area of osteolysis with 
a calcified nidus in the center surrounded by sclerosis. The axial (d) and sagittal (e) 
T2-weighted MRI scans show surrounding signal changes of edema (courtesy of 
Professor Freyschmidt, Bremen, Germany) 
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Fig. 5.21. Sagittal (a) and axial (b) T2-weighted MRI scans 
of an aneurysmatic bone cyst at Thl in an 11-year-old boy 
with local pain. The lésion affects posterior éléments exclu- 
sively and displays a slightly inhomogeneous, hyperdense 
signal, c The bone-window CT image demonstrates the in- 
traosseous localization of this lésion with a thin sclerotic rim 
surrounding the osteolytic process. d On conventional 
X-rays, the entire lamina appears to be missing 
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Fig. 5.22. Sagittal Tl- (a) and axial T2-weighted (b) MRI 
scans of a chordoma at L3 in a 31-year-old man with back pain 
and radicular symptoms in his left leg. The MRI demonstrates 
a lésion confined to the vertébral body. There appears to be 
compression of the recessus on the left side, which explains 


the neurological symptoms (b), c The postmyelographic bone- 
window CT image displays a lytic lésion surrounded by a scle- 
rotic rim toward the vertébral body, but with destruction of 
cortical bone toward the spinal canal 



Fig. 5.23. Sagittal Tl-weighted MRI scans without (a) and 
with contrast (b) of a breast carcinoma metastasis at Th7 in 
78-year-old woman with a short history of progressive para- 
paresis. There is marked compression of the spinal cord by 
the tumor, which is aggravated by a considérable kyphosis due 


to collapse of the affected vertebra. c This axial scan demon¬ 
strates the tumor in the spinal canal extending out of both 
neuroforaminae into surrounding soft tissues with érosion of 
the aorta 
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Fig. 5.24. Sagittal T2-weighted MRI scan (a) and CT recon- rior éléments, infiltration of C7, and luxation at C7/Thl in a 
struction (b) of a metastasis of an unknown primary tumor 76-year-old man with a severe paraparesis 
at Thl with complété destruction of Thl including poste- 


tive tissue, which may be penetrated by small islands 
of tumor. Group IA describes tumors that are con- 
fined to the vertebra (Fig. 5.22) and IB those invading 
paravertebral structures (Fig. 5.1). Groups II and III 
describe high-grade malignancies. Here, the neoplas- 
tic growth is so rapid that no reactive tissue is formed 
around it. Confined to the vertébral body, they are 
classified as IIA (Fig. 5.17). On plain radiographs, 
such tumors are detected as radiolucent and destruc¬ 
tive lésions and are often accompanied by pathologi- 
cal fractures. Spread into the épidural space may oc- 
cur rapidly with continuous spreading of these tumors 
(IIB) (Fig. 5.23), and neoplastic satellites may be seen 
some distance away from the major tumor. Groups 
IIIA and IIIB are identical to groups IIA and IIB ex- 
cept for the presence of distant métastasés. 

Sometimes the most critical diagnostic problem to 
solve is the question of stability. How can or should it 
be defined? The most obvious signs of instability (i.e., 
a luxation or pathological movement on functional X- 
rays) may not be présent or may be impossible to dem- 
onstrate. We found it useful to define instability as 
follows [517]: 

1. Pathological movement or dislocation of vertébral 
bodies (Fig. 5.24). 

2. Destruction of the en tire vertébral body and/or in¬ 
tervertébral joints (Figs. 5.23-5.26). 

3. Obstruction of the spinal canal by a collapsed ver¬ 
tébral body (Figs. 5.23 and 5.26). 

4. Affection of neighboring vertébral bodies 
(Fig. 5.26). 


The majority of primary bone tumors are malignant, 
especially in adults. However, a higher proportion of 
benign tumors are encountered in children and ado¬ 
lescents [94], The Bone Tumor Registry of Westpha- 
lia, with 7400 tumors and tumor-like lésions of bone, 
contains among spinal tumors 135 primary neo- 
plasms, 187 métastasés, 98 plasmocytomas, and 4 
lymphomas. Among adults, the commonest primary 
spinal bone tumor was the chordoma (35 cases), fol- 
lowed by osteoblastomas (16 cases) éosinophilie gran- 
ulomas (16 cases), and hemangiomas (12 cases). Fur- 
thermore, ten aneurysmatic bone cysts, ten 
osteochondromas, seven giant cell tumors, five Ewing 
sarcomas, four ostéogénie sarcomas, and three chon- 
drosarcomas were counted. Secondary bone tumors 
(i.e., métastasés) were derived mostly from breast, 
lung, and prostate [453]. In the clinical practice of a 
neurosurgeon, however, the ratio between primary 
and metastatic bone tumors of the spine will favor 
secondary bone tumors [540]. In our sériés, métasta¬ 
sés accounted for 64% of ail spinal bone tumors, with 
chordomas, chondrosarcomas, and plasmocytomas 
making up most of the remainder (Table 5.2). 

Benezech and Fuentes [50] published a review on 
206 primary bone tumors of the spine in France. In 
children, 45% were malignant, compared to 65% in 
adults. The commonest diagnoses in adults were 
chordomas and plasmocytomas, whereas in children 
osteoblastomas, aneurysmatic bone cysts, and Ewing 
sarcomas predominated. Furthermore, processes of 
vertébral bodies are more likely to be malignant than 
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Fig. 5.25. Sagittal (a) and axial (b) Tl-weighted. contrast- 
enhanced MRI scans of a hypernephroma metastasis at C7 in 
a 79-year-old man complaining of severe radicular pain. The 
axial image shows destruction of the right intervertébral joint. 


Conventional (c) and bone-window CT images (d) demon- 
strate the amount of bony destruction and contact with but no 
compromise of the right vertébral artery 


tumors of posterior bone éléments [521], Neuroradi- 
ology is often not able to establish a spécifie diagno- 
sis, but can distinguish between destructive and be- 
nign lésions. 

Positron émission tomography (PET) can be useful 
whenever a tumor with high metabolic activity needs 
to be differentiated from reactive tissue or processes of 
low metabolic activity. In patients who hâve under- 
gone chemotherapy or radiotherapy for malignant 
bone tumors, for instance, PET scans can be extremely 
helpful to pick up residual or récurrent tumor [521], 

For hemangiomas of the vertébral body, the classi- 
cal vertical striations due to thickened bone trabeculae 
on plain X-rays and the mineralized dots on CT should 


provide the diagnosis. Rarely, bone growth surround- 
ing the hemangioma may cause spinal stenosis. On 
MRI, hemangiomas appear as hyperintense lésions on 
Tl- and T2-weighted images (Fig. 5.27) [178, 321], 
Aneurysmatic bone cysts appear as destructive, 
polycystic, expansile lésions with variable extraosse- 
ous extension surrounded by a thin capsule (Fig. 5.21) 
[1, 174, 272, 321, 328, 391, 435, 521, 553], They may 
involve ail parts of a vertebra, although anterior élé¬ 
ments are mostly involved, and spread to neighboring 
bones. The intraosseous cysts may be filled with fluid 
[272, 321, 521, 553]. The lésion is surrounded by a 
thickened periosteal membrane that may enhance 
with gadolinium on MRI [174, 391]. 
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Fig. 5.26 a This sagittal Tl-weighted MRI shows a metasta- 
sis of a lung carcinoma in a 75-year-old man with pain and a 
severe paraparesis. The vertébral bodies at Th4 and Th5 hâve 
collapsed, with considérable cord compression at Th4. Signal 


changes representing edema and tumor infiltration hâve also 
appeared in Th3, Th6, and Th7. b The axial T2-weighted im¬ 
age demonstrates profound extraspinal extension involving 
the mediastinum and right lung 


Fig. 5.27 a Spinal ante- 
rior-posterior X-ray of a 
vertébral hemangioma at 
Th6 in a 34-year-old man 
with back pain. The verté¬ 
bral body displays vertical 
sclerotic signal changes as 
a resuit of the thickened 
trabecula. b The bone- 
window CT is pathog- 
nomonic for this entity, 
showing these trabeculae 
as mineralized dots. 

The sagittal (c) and axial 
(d) T2- weighted MRI 
scans demonstrate a 
hyperdense signal pattern. 
The bone trabeculae 
appear as dark dots on 
the axial image 
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Fig. 5.28. a Bone scintigraphy of a 32-year-old man with a 
history of severe back pain. It shows a hot spot at L2. The na¬ 
tive (b) and contrast (c) CT scans demonstrate a lytic, partly 
calcified expansile lésion in the lamina on the right side with 
bright enhancement. The axial scan (d), and sagittal (e) and 


coronal (f) reconstructions made using the bone-window 
technique show that these calcifications are confined to the 
center of the lésion. The histology disclosed an osteoblastoma 
(courtesy of Professor Freyschmidt, Bremen, Germany) 
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Fig. 5.29. a Latéral X-ray of a giant cell tumor at C7 in a 
21-year-old man. The tumor appears as an osteolytic lésion 
with sclerotic changes in the posterior half of the vertébral 
body. The sagittal Tl-weighted images without (b) and 
with contrast (c) demonstrate no enhancement of the hyper- 
intense lésion and some bulging of the collapsed vertébral 
bone anteriorly and posteriorly. d The axial scan shows 
irregular anterior margins of the tumor, which appears to 
infiltrate prevertebral soft tissues. Posterior éléments of the 
vertebra are not affected (courtesy of Professor Freyschmidt, 
Bremen, Germany) 


Osteoblastomas are benign tumors that may dis¬ 
place bony structures and grow into neighboring soft 
tissues [521], Spinal forms predominantly affect pos¬ 
terior éléments (Fig. 5.28) [205], According to their 
biological behavior, radiological appearances may be 
quite variable [205, 397], On conventional X-rays they 
often give a cloudy, patchy, bone-expanding image 
with a slight sclerotic rim [174,205, 326, 391, 397,488] 
and multiple calcifications [321], In other instances, 
they may appear as pure lytic lésions or présent ill- 
defined margins with soft-tissue extension (Fig. 5.19) 
[76, 174, 205, 391, 397], On MRI, the tumor is hy- 
podense on Tl- and T2-weighted images [488], or is 


described as hypo- to isodense on Tl-, and iso- to hy- 
perdense on T2-weighted images [205] and shows 
slight enhancement with contrast [404,488], The sur- 
rounding bone marrow also may demonstrate some 
contrast enhancement due to edema [205, 404, 488] 
that does not correspond to the degree of tumor ex¬ 
tension. Therefore, MRI may not be the most accurate 
imaging modality to define tumor extension, so that 
CT is still the best imaging method for this entity 
[488], Angiography may be helpful to demonstrate 
the high vascularity of this tumor [55] and can be 
combined with embolization. Half of these patients 
présent with a painful scoliosis [521], 
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Fig. 5.30 a Sagittal Tl-weighted MRI scan of a sacral 
chordoma in a 27-year-old woman with a 4-month history 
of dysesthesias and pain. The tumor appears as a greyish 
lésion with presacral extension. The plain (b) and bone- 
window (c) CT scans demonstrate the considérable bone 
destruction and calcifications in the tumor mass 


Giant cell tumors characteristically appear as ex- 
pansile, lytic, bone-destroying lésions in the anterior 
éléments of the spine (Fig. 5.29) [174, 321, 391, 521]. 
Mineralizations are not a feature of spinal giant cell 
tumors. Vertébral collapse and paraspinal soft-tissue 
extensions are not uncommon. In the sacrum, tumors 
may cross the sacroiliac joint and dise space. On CT, 
the tumor may be well defined with a sclerotic rim. 
Due to tumor hemorrhages, cysts, and areas of necro- 
sis, variable signal intensities may appear on CT and 
MRI. Due to the collagen content of the tumor, signal 
intensities may resemble soft-tissue signais [174, 321, 
391], However, différentiation between a malignant 
tumor and a giant cell tumor may be impossible ra- 
diographically. 

As far as malignant tumors are concerned, the dif¬ 
férentiation between different histological types is 
limited to a few spécifie entities. Chordomas are de- 


rived from remnants of the notochord. They occur in 
the clivus, sphenoorbital région, or spine. Most spinal 
chordomas are encountered in the sacrum (Fig. 5.30). 
Other vertebrae are rarely affected (Fig. 5.22). Chor¬ 
domas are midline tumors and their radiological ap- 
pearance is indistinguishable from chondrosarcomas 
unless the tumor is located laterally. Chondrosarco¬ 
mas tend to affect posterior éléments more often than 
chordomas. Chordomas and chondrosarcomas cause 
lytic, destructive bone lésions with mottled calcifica¬ 
tions and additional soft-tissue involvement on CT 
(Figs. 5.31 and 5.32) [174, 232, 316, 321, 391, 507], On 
MRI, both are characterized by a contrast-enhancing 
capsule and an almost isointense signal of the tumor 
mass on Tl-weighted images, which to a large degree 
consists of a mucoid, greyish substance, and criss- 
crossing fibrous septa. They display a high signal in- 
tensity on T2-weighted images due to the high fluid 
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Fig. 5.31. Sagittal Tl-weighted MRI image with contrast (a) 
and T2-weighted scan (b) of a sacral chordoma in a 62-year- 
old man with a 2-month history of pain. Solid tumor parts 
enhance with contrast, whereas the mucoid material displays 
a greyish signal. Due to the significant fluid content of the 
mucoid substance, they show a hyperdense signal intensity 
on T2. c The axial Tl-weighted image demonstrates the in- 
homogenous signal pattern of these tumors and the considér¬ 
able pelvic extension 


content. Chordomas and chondrosarcomas may cross 
the intervertébral dise space to invade neighboring 
vertebrae (Figs. 5.30-5.32) [174, 321, 391, 507, 523], 
Chondrosarcomas présent as destructive spine lésions 
commonly associated with a paraspinal mass, with 
calcifications that may grow to enormous sizes 
(Fig. 5.32) [521], 

Plasmocytomas typically show up as lytic lésions 
on plain X-rays. They may appear as round patchy lé¬ 
sions on MRI with a low signal intensity on Tl- 
weighted images and a bright signal on T2 weighted 
images. Curvilinear low signal-intensity structures 
may extend through the affected vertebra, represent- 
ing thickened cortical bone displaced by the slow- 
growing tumor. The adjacent bone marrow may ap¬ 
pear with reduced signal intensity (Fig. 5.33) [310, 
550], 


Ostéogénie sarcomas may appear as sclerotic, min- 
eralized (Fig. 5.34) or - in rarer instances - lytic lé¬ 
sions [249, 281, 315, 321, 431, 521], The vertébral body 
is involved in 90% of cases, and pathological fractures 
hâve been observed. In the mobile spine, however, it is 
mainly the posterior éléments that are affected 
(Fig. 5.35) [249], On MRI, the amount of mineraliza- 
tion détermines the signal pattern of the tumor. With 
nonmineralized tumors having a low signal intensity 
on Tl-weighted images and a high signal intensity on 
T2-weighted images. With mineralized tumors, dark 
signais are typical on ail images [521], Vertébral body 
collapse is quite common, with sparing of the neigh¬ 
boring intervertébral dises [391], 

Ewing sarcomas display a moth-eaten appearance 
of irregular bone destruction with poorly defined 
margins [521], but often also display osseous expan- 
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Fig. 5.32 a Sagittal T2-weighted MRI scan of a chondrosar- 
coma at ThlO in a 43-year-old man with slight sensory changes 
in his legs. This image demonstrates a hyperdense signal of 
the entire vertébral body and a cystic-appearing intraspinal 
lésion with extraspinal extension into the posterior soft tis- 
sues. b The corresponding Tl-weighted, contrast-enhanced 


scan shows enhancement along the margins of this tumor. The 
paramedian sagittal (c) and the axial (d) scan demonstrate the 
huge extraspinal extension of this mostly cystic-appearing tu¬ 
mor on the left side. e The bone-window CT shows calcifica¬ 
tions in the solid part of the tumor in the left pedicle and left 
part of the lamina of ThlO 
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Fig. 5.33. Sagittal Tl- (a) and T2-weighted (b) MRI scans 
of a plasmocytoma at C6 in a 70-year-old woman with a 
history of pain and a slight tetraparesis. The lésion affects 
the vertébral body, is isodense on Tl and hyperdense on T2, 
and causes a beginning collapse of the body with some cord 
compression, c The axial Tl-weighted image demonstrates 
considérable soft-tissue extension with encasement of both 
vertébral arteries. The plain (d) and bone-window (e) CT 
scans show a destructive lésion confined to the vertébral 
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Fig. 5.34. Sagittal conventional (a) and bone-window (b) CT 
reconstruction of an ostéogénie sarcoma at C2 in a 69-year- 
old woman 6 years after therapy with radioactive iodine for 
a thyroid tumor. There appears to be a destructive lésion at 
the base of the dens representing a pathological fracture. 

The axial conventional (c) and bone-window (d) CT at the 
base of the dens show the osteolytic lésion with some new 
extravertebral bone formation surrounding it. e The bone- 
window CT of the lower segments of C2 displays sclerotic 
changes in the body and the vertébral arch on the left side. 
There is some soft-tissue thickening possibly related to the 
instability of C2 (courtesy of Professor Freyschmidt, Bremen, 
Germany) 
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Fig. 5.35. Sagittal T2- (a), Tl-weighted MRI scans without 
(b) and with contrast (c) of an ostéogénie sarcoma at Thl in 
a 65-year-old man with a 2-month history of pain and pro¬ 
gressive paraparesis. The tumor is hyperdense on T2-, iso¬ 
dense with bright enhancement on Tl-weighted images. 

It affects posterior parts of the vertebra and shows a large 
intraspinal component compressing the dura. The extradural 
localization is visible on the T2-weighted image, with dis¬ 
placement of the dura, and on the Tl-weighted image due 
to the relationship between the tumor and the épidural fat. 
Otherwise, these images could easily be mistaken for a me- 
ningioma. d The axial Tl-weighted, contrast-enhanced scan 
seems to indicate a soft-tissue tumor compressing the dura 
on the right side. e Only the bone-window CT indicates a 
bone tumor and demonstrates involvement of the lamina 
and extraosseous calcifications 
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Fig. 5.36. Sagittal Tl- (a) and T2-weighted (b) MRI scans of a 
Ewing sarcoma at Thl in a 26-year-old man with a 4-weekhis- 
tory of pain and progressive paraparesis. The tumor appears 
with varying signal intensity on Tl- and T2-weighted images, 
c The axial Tl-weighted, contrast-enhanced image shows a 


patchy enhancement of the tumor inside the vertébral body. 
d This bone-window CT demonstrates the destruction of the 
body and signal changes in the lamina indicating the begin- 
ning affection of the posterior éléments 


sion and sclerosis on plain X-rays (Fig. 5.36) [174]. 
Paraspinal extensions may be quite extensive [174, 
321, 391], 

Spinal métastasés grow infiltrative and destroy 
bone. On conventional X-rays and CT they may ap- 
pear either as lytic (Fig. 5.37) or sclerotic lésions 
(Fig. 5.38). In most instances, the metastasis develops 
in the vertébral body extending toward the pedicles. 
Therefore, a good screening method for spinal métas¬ 
tasés is to look for destruction of the pedicle, paraspi¬ 
nal shadows, and vertébral body collapse on conven¬ 


tional anterior-posterior X-rays (Fig. 5.39) [94, 261]. 
On MRI, most take up gadolinium peripherally, with 
somewhat less uptake in the center of the tumor due 
to inhomogeneous vascularization or necrosis 
(Fig. 5.23). Others demonstrate homogenous en¬ 
hancement (Fig. 5.25). In a study of 100 patients with 
spinal métastasés and spinal cord compression, 43 
had compression at multiple levels. Isolated involve - 
ment of a vertébral body was seen in just 4% of verte- 
brae, while antérolatéral compression occurred in 
14% and a more or less circumferential encasement of 
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Fig. 5.37 Sagittal Tl- (a) and T2-weighted (b) MRI scans 
of an osteolytic metastasis of a colon carcinoma at Th9 in a 
76-year-old man with a history of local back pain. The 
Tl-weighted image shows a homogenous, isodense signal 
pattern of the vertébral body and a slight loss of height. 

The T2-weighted image shows a fracture of the upper 
cortical bone, with part of the intervertébral dise herniating 
into the vertébral body. c The bone-window CT clearly 
establishes the osteolytic pattern of this metastasis with no 
sclerotic rim 



354 5 Epidural Tumors 




Fig. 5.38 a Sagittal T2-weighted MRI scan of a breast 
carcinoma metastasis at Th5 in a 75-year-old woman with 
a short history of rapidly progressive paraparesis. The 
vertébral body has collapsed leading to a subluxation of 
Th4/5. b This axial Tl-weighted scan demonstrates tumor- 
ous involvement of the entire vertebra and marked cord com¬ 
pression. c The plain CT scan demonstrates a sclerotic tumor 


the durai sac was seen in 82%; 51% of these vertebrae 
were fractured [284], 

The most important differential diagnoses for a 
malignantbone tumor are spinal abscesses and osteo- 
porotic fractures. MRI and CT features of an abscess 
are virtually identical to those of a malignant bone 
tumor and quite often only systemic symptoms sug- 
gesting a septic lésion or a history of a previous inter¬ 
vention provides the décisive due. However, promi¬ 
nent signal changes in a somewhat widened dise space 
may point toward spondylodiscitis, and a diffuse sur- 
rounding soft-tissue swelling may indicate the in- 
flammatory reaction (Fig. 5.40). Osteoporotic verté¬ 
bral fractures (Fig. 5.41) can look very similar to a 
collapsed metastatic vertebra (Fig. 5.39). Features 


pointing to the correct diagnosis are osteoporotic 
changes in other levels, the lack of a soft-tissue com- 
ponent, a vacuum phenomenon on CT, fluid signs on 
MRI, and different signal patterns related to the heal- 
ing process on repeated MRI scans [44,45] (Fig. 5.41). 
However, in selected patients it may be impossible to 
exclude a metastasis in a patient with an assumed os¬ 
teoporotic fracture. Another important differential 
diagnosis for a malignant bone tumor is a vertébral 
necrosis, which may be observed after previous radio- 
therapy (Fig. 5.42). Other osseous lésions of the spine, 
such as ossifications of the posterior longitudinal lig¬ 
ament (Fig. 5.43) or exostoses (Fig. 5.44), should pose 
no diagnostic problems. 
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Fig. 5.39. Sagittal (a) and axial (b) T2-weighted MRI scans 
of a melanoma metastasis at Th6 in a 65-year-old woman with 
a 6-month history of back pain and progressive paraparesis. 
The tumor affects mainly the left pedicle and posterior part 
of the vertébral body with some soft-tissue extension into the 
spinal canal on the left side. c The coronal MRI scan dem- 
onstrates the collapse of the vertebra. d The corresponding 
anterior-posterior X-ray shows the latéral displacement of the 
left pedicle in the affected vertebra ( arrowhead ). 
e The latéral X-ray demonstrates osteoporosis of the thoracic 
spine and collapse of Th6 ( arrowhead ). Apart from the soft- 
tissue component in the spinal canal, as seen on MRI, the 
bone-window CT (f) discloses the osteolytic and destructive 
tumorous process 
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Fig. 5.40. Sagittal T2- (a) and Tl-weighted, contrast-en- 
hanced MRI images (b) of a spontaneous spondylodiscitis 
at C2/3 in a 55-year-old man with a 2-month history of neck 
pain and progressive tetraparesis. The most prominent signal 
changes can be seen in the C2/3 dise space. The remaining ab- 
normalities are secondary changes related to the local spread 
of the inflammation. There is diffuse uptake of contrast in the 


neighboring vertebrae and spinal cord compression due to an 
intraspinal abscess. Signal changes also appear in the poste- 
rior soft tissue and there is marked enhancement and thicken- 
ing of the prevertebral soft tissues. c This axial Tl-weighted 
image demonstrates the diffuse signal changes in bone and 
soft tissues. d The plain CT scan at the level of C2/3 shows the 
soft-tissue component compressing the dura 
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Fig. 5.41 a Latéral X-ray of the lumbar spine in a 69-year-old man with 
osteoporosis. An old fracture appears at L2 and a fresh lésion causing 
complété collapse of the vertébral body at Thl2 (arrowhead). b The 
Tl-weighted MRI demonstrates isodense signal changes in the verté¬ 
bral body of Thl2. There is no soft-tissue component and no changes 
in the posterior éléments, c The T2-weighted MRI shows the isodense 
signal of the vertébral body with a hyperdense lésion surrounded by 
a dark rim anteriorly (i.e„ the so called fluid sign). d The axial T2- 
weighted image also demonstrates these signal patterns with the 
hyperdense signal anteriorly 
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Fig. 5.42. Axial T2- (a), Tl- without (b) and Tl-weighted 
contrast-enhanced MRI scan (c) of a 47-year-old man with se- 
vere upper neck pain years after radiotherapy for a carcinoma 
of the tongue. On T2, a hyperdense signal change in the right 
half of Cl is visible with some extension into the posterior soft 
tissue. On Tl the lésion appears isodense and brightly enhanc- 


es with contrast. d The bone-window CT discloses an osteo- 
lytic process in Cl. A CT-guided biopsy procedure was under- 
taken, which gave the diagnosis of bone necrosis. No surgery 
was undertaken. Three months later, the pain had completely 
vanished 
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Fig. 5.43. Sagittal T2- (a) 
and Tl-weighted (b) MRI 
scans of a 56-year-old man 
presenting with a severe 
spastic tetraparesis. At C3/4 
there appears to be a hy- 
podense lésion compressing 
the spinal cord anteriorly. 
The corresponding axial T2- 

(c) and Tl-weighted scans 

(d) demonstrate considérable 
cord compression. The bone- 
window CT (e) and the 
sagittal reconstruction (f) 
demonstrate the lésion as 

an ossified posterior longitu¬ 
dinal ligament 
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Fig. 5.44. Sagittal Tl- (a) and T2-weighted (b) MRI scans 
of a 32-year-old woman presenting with a spastic paraparesis. 
At Th6 and Th7, hypodense, épidural, round lésions are 
détectable, c, d The corresponding axial scans demonstrate 
a massive compression of the spinal cord from the left side. 
e The bone-window CT scan demonstrates an exostosis of 
the lamina 
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5.3 

Surgery 

5.3.1 

Soft-Tissue Tumors 

5.3.1.1 
Exposure 

Whereas intra- and extramedullary tumors are oper- 
ated by a more or less standard posterior approach, 
épidural tumors may require different strategies. The 
approach has to consider the intraspinal and extra¬ 
spinal extension of the tumor and stability aspects. 
Purely intraspinal tumors restricted to the épidural 
space can be managed from posterior approaches (i.e., 
a laminotomy, laminectomy, hemilaminectomy, or 
interlaminar fenestration) and will not require fusion 
in the overwhelming majority of cases. With extra¬ 


spinal extension of an épidural tumor, however, the 
approach has to extend more laterally so that the tu¬ 
mor can be followed into the paraspinal spaces 
(Fig. 5.45). 

Depending on the extent of intra- and extraspinal 
parts, it may be advisable to tailor the approach 
according to the extraspinal component and to use 
an anterior pathway (Fig. 5.46). However, intraspinal 
tumor extensions cannot be well controlled by 
anterior approaches unless a considérable amount 
of bone is removed, which may then necessitate 
reconstruction and fusion. Alternatively, it may 
be wiser to split surgery into an anterior and posterior 
operation, if the extraspinal part cannot be managed 
even from a somewhat modified posterior ap¬ 
proach alone. On the other hand, en bloc resections 
may be required for malignant soft-tissue tumors 
[360, 361]. 



Fig. 5.45. Sagittal (a) and axial (b) Tl-weighted, contrast- with the intraspinal part located in the neuroforamen. The ex- 
enhanced MRI scans of an épidural schwannoma at Thl2/Ll traspinal extension is visible on the axial scan. (Continuation 
in a 41-year-old man with a 2-month history of pain and gait see nextpage) 

ataxia. The tumor takes up a moderate amount of contrast 
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Fig. 5.45. c The bone-window CT demonstrates a slightly 
enlarged neuroforamen but no bone destruction, d This in¬ 
traoperative view after a hemilaminectomy on the left side 
shows the épidural tumor compressing the dura. The tumor 


capsule is coagulated and incised (e) for debulking (f). Finally, 
the nerve root is transected distally (g) and proximally (h) to 
remove the tumor (i). (Continuation see nextpage) 
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Fig. 5.45. ( Continued ) The resulting soft-tissue defect after 
complété resection (j) is filled with Gelfoam (k). Postoperatively, 
gait ataxia resolved completely and pain improved. Six months later, 
the sagittal (I) and axial (m) MRI Controls show no evidence of a 
tumor remnant or récurrence 
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Fig. 5.46. Coronal Tl- (a) and axial T2-weighted (b) MRI 
scans of an épidural schwannoma at Thll in a 53-year-old 
woman with NF-2 and a 1-year history of pain and dysesthe- 
sias. The tumor reaches into the neuroforamen but does not 



cause any dura compression, c This intraoperative view shows 
the huge tumor exposed from a rétropéritonéal approach. 
d The tumor was resected in toto. Postoperatively, pain and 
dysesthesias improved 


5.3.1.2 

Tumor Removal 

Apart from the approach, the surgical removal of épi¬ 
dural neoplasms follows the same principles as out- 
lined for intradural tumors. As a general rule, with 
posterior approaches the intraspinal tumor part 
should be removed before attempting excision of the 
extraspinal portion [253, 335]. If the tumor provides a 
capsule, this is incised and the tumor reduced with 
intracapsular removal. Depending on the texture of 
the capsule and the size of the neoplasm, a more or 
less large amount of the mass should be taken out 
before attempting to mobilize and remove the capsule 
off the dura. With very fragile capsules, its coagula¬ 
tion may help to follow it, while putting cottonoids 
along the interface toward the épidural tissue. Quite 
commonly, épidural veins will start to bleed once the 


décompression has reached a sufficient point. Cotto¬ 
noids and Gelfoam around the tumor capsule can be 
used to compress these bleeding veins, thus making it 
easier to identify and to coagulate them (Fig. 5.45). 
Regardless of the type of tumor, the spinal dura is a 
very effective barrier even to malignant tumors. With 
the exception of épidural schwannomas, which may 
grow along the nerve sheath into the subarachnoid 
space, or hamartomas, épidural tumors almost never 
penetrate the dura. Therefore, it is important to keep 
the dura intact, with malignant tumors in particular, 
to prevent intradural spreading. Once the intraspinal 
tumor part has been removed, the extraspinal part 
can be attacked along the same lines: intracapsular 
removal followed by excision of the capsule. 

The surgical strategy differs completely for épidu¬ 
ral arachnoid cysts. Resection of the entire cyst is not 
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Fig. 5.47. Sagittal Tl- (a) and T2-weighted (b) MRI scans of 
an épidural arachnoid cyst at ThlO/11 in a 42-year-old woman 
with a 3-month history of radicular pain on the left side. The 
épidural fat on Tl and the dura appearing as a darkband clear- 
ly establish the extradural position of this cyst. c The axial T2- 
weighted image demonstrates the position on the left side in 


the neuroforamen, suggesting a dura defect in this nerve root 
sleeve. d This intraoperative view after laminotomy ThlO and 
Thll demonstrates the cyst. Mobilizing the cyst off the dura 
(e), a small neck can be isolated as the communication with 
the subarachnoid space (arrowhead in f). After ligating this 
neck it can be transected (g). (Continuation see nextpage) 
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Fig. 5.47. ( Continued ) This fragile dura pedicle (h) is 
sutured to the dura (i) and covered with muscle and fibrin 
glue (j). The postoperative sagittal Tl- (k) and T2-weighted 
(I) MRI scans demonstrate the complété resection of the cyst. 
m The axial scan shows the area of former communication 
with the subarachnoid space. There appears to be no evidence 
of a CSF leak. Postoperatively, the radicular pain vanished 
completely 
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required, but sufficient occlusion of its communica¬ 
tion with the subarachnoid space is. In most instances 
this communication will be found along a root sleeve. 
Therefore, the exposure has to be latéral enough to be 
able to deal with it. Depending on the local condition 
of the dura, it may be possible to close it with a suture, 
clip, or muscle and fibrin glue (Fig. 5.47). 

Depending on the amount of bony érosion, de¬ 
struction, or bone removal required for surgical man¬ 
agement of an épidural soft-tissue tumor, stabiliza¬ 
tion may hâve to follow the resection [362]. McCormick 
[362] had to stabilize 2 patients from a sériés of 12 
thoracic and lumbar épidural tumors. 

5.3.2 

Bone Tumors 

With bone tumors the surgical strategy used has to 
take into account the histology, intra- and extraspinal 
tumor extension, stabilization aspects, and the over- 
all clinical condition of the patient [185, 294], A large 
proportion of bone tumors are malignant. With pri- 
mary bone tumors, the radicality of removal not only 
détermines local control and neurological outcome, 
but is also a major factor in long-term survival. On 
the other hand, for secondary bone tumors (i.e., mé¬ 
tastasés) surgery on a particular spinal metastasis will 
not influence the survival prognosis of the patient 
significantly [6], Once the tumor mass is removed, 
the efficiency of adjuvant thérapies will détermine the 
overall prognosis and not the completeness of resec¬ 
tion of a particular spinal lésion. This should be born 
in mind particularly when planning treatment for 
cancer patients who are in the advanced stages of 
their disease. A transthoracic resection may be too 
much for such a patient and a posterior décompres¬ 
sion of the spinal cord with stabilization may be a bet- 
ter choice. Therefore, the surgical planning has to 
take into account the probable histology as well as the 
general health status of the patient and his/her prog¬ 
nosis [6, 294], The better the clinical condition of the 
patient, the more radically a particular spinal lésion 
can be treated [6, 296, 538]. In particular, for solitary 
spinal lésions and no history of cancer, the histology 
should be determined before planning the definite 
surgery. Whenever possible, a transpedicular route 
should be used to obtain tissue, as this limits the risk 
of contaminating other compartments with tumor 
tissue, as the approach can be sealed with methyl- 
methacrylate [521], 

The foremost decision in planning a surgical pro¬ 
cedure is to evaluate whether an intralesional removal 
or an en bloc removal should be attempted. With be- 


nign bone tumors that do not display aggressive pat¬ 
terns (Enneking stages SI and S2) or highly malignant 
extensive tumors (Enneking stages IIB, IIIA, and 
IIIB), intralesional removals can and should be used, 
because more extensive measures are either not nec- 
essary - as in benign tumors - too demanding for the 
patient, or not indicated, if a curative procedure is no 
longer possible - as in advanced stages of malignant 
tumors. On the other hand, benign but locally aggres¬ 
sive tumors (stage S3) or confined highly malignant 
and low-grade malignant tumors (stages IA, IB, and 
IIA) are potential candidates for a curative surgical 
excision. In such cases an en bloc removal should be 
attempted if the extension of the tumor allows this 
with acceptable morbidity [185]. 

The next question is the choice of approach. The 
answer has to dépend on the vertébral parts affected, 
stability issues, tumor histology, and the clinical con¬ 
dition of the patient. With posterior éléments involved 
exclusively, a simple midline posterior approach can 
be used and, in general, no stabilization will be re¬ 
quired. Purely anterior approaches and stabilizations 
are sufficient if ail posterior éléments are intact. Oth- 
erwise, a purely ventral stabilization and vertébral re¬ 
construction is bound to fail. With anterior and pos¬ 
terior éléments affected, a posterior approach with 
décompression and transpedicular screw fixation 
should be done as the first step. This will clarify the 
histology, decompress neural structures, and provide 
sufficient short-term stability. As a rule of thumb, 
such a posterior stabilization should encompass two 
spinal levels above and below the affected vertebra. 
Depending on the clinical condition of the patient, 
the estimated prognosis, and the histological diagno- 
sis, one can then décidé to either remove part of the 
affected vertebra from posterior, filling the defect 
with polymethylmethacrylate (PMMA) for ventral 
support as a kind of “low-key” management or to 
schedule a second operation from anterior with com¬ 
plété resection - marginal or en bloc - and vertébral 
reconstruction and fusion [296, 521], Alternatively, en 
bloc resections of entire vertebrae hâve also been de- 
scribed from a posterior approach [2, 509, 536, 537] 
and combined approaches in single-stage operations 
[2,72,81,84,126,228,279,301,352,449,536,537,573] 
for any spinal level as well as for médiastinal and tho¬ 
racic tumors involving the spine secondarily [360]. 

Depending on the type of tumor, embolization or 
chemotherapy may be administered before surgery 
is undertaken. Preoperative embolization is recom- 
mended for osteoblastomas, aneurysmatic bone cysts, 
giant cell tumors, sarcomas, and métastasés from 
thyroid or kidney cancers [143, 200, 345, 371, 435, 
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521], With biopsy-proven lymphomas or Ewing sarco- 
mas, preoperative chemotherapy is administered pro- 
vided the clinical situation does not dictate an urgent 
operation. 

5.3.2.1 

Exposure 

With resection of bone tumors - the great majority in 
this group being métastasés - several changes regard- 
ing surgical strategies hâve taken place over the years. 
Early cases in our sériés were managed almost exclu- 
sively from the posterior approach, with sole attention 
on removal of the intraspinal tumor part, while sta- 
bility issues were often neglected. With more expéri¬ 
ence and better visualization of the tumors on MRI in 
particular, it became apparent that such a strategy is 
insufficient for most patients. Furthermore, stabiliza¬ 
tion techniques hâve improved significantly over the 
years making fusion techniques safer, faster, and less 
stressful for the patient. This chapter cannot provide 
a complété overview on ail approaches to and fusion 
techniques for the spine [12, 72,218,287, 314, 327, 517, 
559], We rather prefer to describe those techniques 
that we hâve found useful and hâve used for this sériés 
of patients. 

For posterior bone tumors of the spine, the classi- 
cal posterior approach as already described for intra- 
and extramedullary tumors can be tailored according 
to the tumor extension to expose transverse process¬ 
es, costotransverse joints, the posterior part of a rib, 
and so forth (Fig. 5.48). One should bear in mind that 
the length of the skin incision has to account for the 
amount of latéral exposure required. Access to the 
vertébral body from posterior is possible from an 
oblique angle with resection of a pedicle or a costo- 
transversectomy. However, it is not possible to visual- 
ize the entire vertébral body from this approach and 
vertébral body reconstruction may be hindered by 
limited view and maneuverability of cages or bone 
grafts if nerve roots hâve to be preserved. In this re¬ 
spect, anterior approaches are easier for the surgeon, 
but more demanding for the patient. 


5.3.2.1.1 
Cervical Spine 

With tumors rendering the cervical spine unstable, 
fiber-optic intubation is highly recommended to 
avoid undue neck movements and spinal cord injury. 
For the cervical spine, two alternatives to a posterior 
approach are available: the anterior midline and the 
antérolatéral approach. 


The anterior midline approach for Cl and C2 is 
done transorally with the patient in the supine posi¬ 
tion and the head fixed in the Mayfield clamp in slight 
retroflexion and neck extension (Fig. 5.49). Orotra- 
cheal intubation can be used, as a tracheostomy is not 
required for most patients. Topical or systemic corti- 
costeroids can be applied to limit postoperative soft- 
tissue swelling [388]. The uvula can be elevated with a 
nasogastric tube (i.e., so-called velotraction), avoid- 
ing splitting of the soft palate [388]. Splitting of the 
soft or even the hard palate should be kept for excep- 
tional cases, as postoperative swallowing problems 
may be caused (i.e., velopalatine insufficiency) [291]. 
With introduction of the retractor, the tongue is 
pushed downward. Care must be taken to avoid injury 
of the tongue due to compression by the patients 
teeth. Depending on tumor extension and destruc¬ 
tion or alteration of anatomical landmarks, it may be 
extremely helpful to use intraoperative X-ray or even 
navigation techniques for safer orientation. In gener¬ 
al, a vertical midline incision is used for the preverte- 
bral soft tissues. Some surgeons prefer a paramedian 
incision of the mucosa and a médian incision for the 
remaining soft tissues, allowing a two-layer overlap- 
ping closure at the end. This may be advantageous if 
foreign materials for reconstruction and fixation hâve 
to be introduced. First the stepwise mobilization of 
soft tissues and subperiosteal dissection will expose 
the anterior arch of the atlas and then the lower part 
of the dens and body of C2 (Fig. 5.49). The superior 
limitation of this approach is the clivus, the lower 
limitation is the C2/3 dise, and the latéral limitations 
are the carotid arteries. Modifying this approach with 
splitting of the hard palate or the tongue can provide 
wider angles toward the clivus and adjacent cervical 
vertebrae. But even with such modifications, only 
processes confined to the midline are candidates for 
this technique and a combined anterior and posterior 
approach is required as soon as the pathology extends 
latéral of the spinal canal into the transverse process¬ 
es. As the transoral route is not a stérile avenue and a 
tight durai closure is difficult given the deep surgical 
field and the rather thin soft-tissue coverage, intradu¬ 
ral pathologies should not be tackled transorally, even 
though such operations hâve been described. In these 
cases, cerebrospinal fluid (CSF) fistulas were prohib- 
ited by external CSF drains or eventually by lumbo- 
peritoneal shunting [131]. Once tumor removal has 
been performed, means of stabilization hâve to be 
considered. A defect of the body of C2 can be replaced 
by a titanium cage, a bone graft, or PMMA [472], Sta¬ 
bilization, however, requires an additional posterior 
operation. Postoperatively, the patient requires a na- 
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Fig. 5.48. Coronal Tl- (a) and axial T2-weighted (b) MRI 
scans of a hypernephroma metastasis at Th7 in a 67-year-old 
man with a 3-month history of pain. This highly vascularized 
tumor is located posteriorly affecting the left pedicle and left 
half of the lamina. This intraoperative overview (c) and close 
up image (d) show the tumor exposed from a posterior ap- 
proach. After complété resection (e), the postoperative bone- 


window CT scan (f) illustrâtes the amount of bone removal 
required for this operation. Pain improved postoperatively. 
Despite postoperative radio- and chemotherapy, a local récur¬ 
rence developed 6 months later, which was again removed. No 
further tumor progression or récurrence has been observed in 
the 2 years since his last surgery 
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Fig. 5.49. The transoral approach to the upper cervical spine 
is performed with the head securely fixed in slight retroflexion 
in a Mayfield clamp. The tongue and soft palate are retracted 
(a), b The mucosa and pharyngeal muscles are incised longi- 
tudinally down to the periost of the targeted vertébral body. 
Mobilizing the periost from the midline laterally (c) retractors 


can be put into place to gain access to the anterior surface of 
the vertébral body. In this case. Cl has been removed to gain 
access to the dens (d). Bone removal is performed using a 
high-speed drill (e). f After resection, the defect is filled with 
Gelfoam. (Continuation see nextpage) 
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Fig. 5.49. ( Continued ) After removal of the latéral retractors 
(g) the soft tissue is closed with single layer stitches (h), 
i This image shows the pharyngeal wall after removal of the 
soft palate retractor. No incision of the soft or hard palate was 
required to gain access to the tip of the dens in this patient 


sogastric feeding tube for a couple of days, which 
should be placed under direct vision at the end of the 
operation. 

An antérolatéral approach to the upper cervical 
spine up to Cl is available along the retropharyngeal 
route. This approach requires complex soft-tissue dis¬ 
sections to preserve facial and hypoglossus nerves to 
reach Cl and C2 from an oblique angle. The advan- 
tage of this approach is the possibility of extending 
the exposure downward, if lower cervical segments 
are also involved, and the lower risk for infections if 
the pathology requires opening of the dura [551], We 
hâve used this approach for several skull-base lésions, 
but not for spinal tumors. 

With tumor processes below the C2/C3 dise, a con- 
ventional anterior approach, such as that used for 
cervical dise disease, can be employed (Fig. 5.50). De- 
pending on the number of vertebra to be exposed, ei- 
ther a horizontal or vertical skin incision along the 
sternocleidomastoid muscle is performed. After split- 
ting the platysma, dissection continues médial to the 
sternocleidomastoid muscle, traversing the different 


fascia layers towards the anterior surface of the spine 
in a virtually bloodless procedure. The carotid artery 
is located laterally and esophagus and trachea are mo- 
bilized medially. It is important to mobilize these 
structures sufficiently above and below the affected 
spinal levels in order to avoid too much traction, 
which may lead to local swelling and endangers the 
récurrent laryngeal nerve. For upper cervical levels, 
the digastric muscle is an important landmark to 
avoid injury of the hypoglossal nerve, which will be 
found underneath this muscle. Laryngeal muscles 
and, in the lower cervical région, the thyroid gland 
require mobilization to reach the anterior longitudi¬ 
nal ligament. Then the anterior vertébral muscles are 
detached from the spine to place the retractor blades 
for latéral traction underneath these muscles. In that 
way, injury to cervical soft tissues is avoided (Fig. 5.50). 
In most instances, the anterior ligament is either re- 
sected by the tumor or densely infiltrated and thick- 
ened, but only rarely traversed by malignant tumor 
tissue. With incision of the ligament, the entire verté¬ 
bral body can be resected from this approach. Verti- 
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cal traction can be applied by screws placed in adja¬ 
cent vertébral bodies (Fig. 5.50). The lower limitation 
of this approach is the first thoracic vertebra in most 
patients, depending on the anatomical relationship 
between upper thoracic spine and sternum. Eventu- 
ally, the major cardiac vessels define the lower limit of 
this approach even with splitting of the sternum. Lat¬ 
éral limitations are the transverse processes and the 
vertébral arteries on either side. The vertébral artery 
usually enters the transverse foramen of C6 and leaves 
at the transverse foramen of Cl, running along the 
upper ridge of the atlas before traversing the cranial 
dura. 

An alternative is the antérolatéral approach, as de- 
scribed by George [191-194, 334]. An incision along 
the sternocleidomastoid muscle is performed, but then 
dissection continues latéral to the carotid artery al- 
lowing an oblique view on the cervical spine. This ap¬ 
proach can be used even for tumors extending to the 
foramen magnum or jugular foramen. An even wider 


angle can be obtained with division of the mandible. 
However, care has to be taken to preserve the spinal 
accessory nerve, which enters the sternocleidomastoid 
muscle about 3 cm distal to the mastoid tip, and not to 
put too much traction on the hypoglossal nerve. Then 
the anterior spine muscles are mobilized and the ver¬ 
tébral artery is exposed by opening the foramina in 
the transverse processes involved. In this manner, the 
vertébral artery can be mobilized and tumor removal 
can be undertaken from an oblique angle including 
extraspinal extensions on the side of the approach. 
With partial drilling of the vertébral body from this 
oblique angle, even intradural extensions of a tumor 
can be removed from this approach. Likewise, verté¬ 
bral body reconstruction and fusion can be performed. 
However, a transient Horner’s syndrome is a common 
sequela of this technique due to traction on the sym- 
pathetic chain. Considérable expérience is needed 
during removal of the vertébral body toward the spi¬ 
nal canal as there are no anatomical landmarks. 




Fig. 5.50. The anterior approach to the cervical spine from 
C3 to about Thl can be performed using a horizontal skin 
incision (a) or an incision along the médial border of the 
sternocleidomastoid muscle. With longitudinal incision of the 
platysma, the médial edge of the sternocleidomastoid muscle 
is visible and marks the area of further dissection toward the 
cervical spine ( arrowhead ). Using mainly blunt dissection the 
anterior longitudinal ligament of the cervical spine is exposed 
(b). After mobilizing the longus colli muscles the retractor 
blades are inserted underneath on both sides in a patient 
with cervical dise disease (c). (Continuation see nextpage ) 
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Fig. 5.50. With an underlying tumor, latéral X-ray (d), tumorous vertébral body (h), a vertebrectomy has been per- 
Tl-weighted MRI (e), and bone-window CT (f) show an os- formed demonstrating the posterior longitudinal ligament (i). 
teolytic metastasis at C6; the longitudinal ligament is infil- (Continuation see nextpage) 

trated by the tumor (g) and may bleed profusely. Exposing the 
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5.3.2.1.2 
Thoracic Spine 

With tumors of the cervicothoracic junction or the 
upper thoracic spine to the level of Th4, anterior ap- 
proaches are quite demanding due to the restricted 
prevertebral space, the major thoracic vessels, and the 
considérable risks of injury to both récurrent laryn- 
geal nerves. Alternatively, a posterior approach with 
costotransversectomy may be chosen. Others advo- 
cate endoscopy-assisted smaller approaches to remove 
tumors in this area [144, 219]. 

Anterior approaches to the upper thoracic spine 
involve either splitting of the sternum or resection 
of a sternoclavicular joint [510] and should be per- 
formed together with a thoracic surgeon (Fig. 5.51). 
For the latter technique, the patient is positioned 
supine with a rolled towel for support between 
both scapulae. The approach should be performed 
on the left side for lower risks of injury to the laryn- 


geal récurrent nerve on that side. The manubrial and 
clavicular heads of the sternocleidomastoid muscle 
are elevated off their attachments and retracted. 
The médial third of the clavicula is resected and exar- 
ticulated from the sternum. Care must be taken to 
avoid injury to the subclavian vein. Dissection con¬ 
tinues between the carotid sheath laterally and the 
trachea and esophagus medially. The laryngeal nerve 
courses between the trachea and the esophagus so 
that médial traction should be applied with care. 
Blunt retractors should be used to gain access to the 
anterior cervicothoracic spine between the left carot¬ 
id sheath and the sternocleidomastoid muscle on the 
left, and the brachiocephalic vessels of the opposite 
side. 

For an approach with splitting of the sternum, the 
skin incision over the sternum is extended cranially 
along the left sternocleidomastoid muscle. After mo- 
bilization of rétrosternal soft tissues, an oscillating 
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Fig. 5.51. An anterior approach to the cervicothoracic spine 
with splitting of the sternum was required for a desmoid tu- 
mor at C7-Th2 in a 36-year-old woman with an 18-month his- 
tory of pain, dysesthesias, and motor weakness in her left arm. 
The paramedian sagittal (a, b) and coronal (c, d) Tl-weight- 
ed, contrast-enhanced MRI scans demonstrate a tumor with 
homogeneous contrast enhancement involving the vertébral 
bodies of C7-Th2 as well as the major thoracic vessels and the 


brachial plexus on the left side. e The axial image at C7 dem- 
onstrates the anterior displacement of the left carotid artery 
(black arrowhead) and encasement of the left vertébral artery 
(white arrowhead). The tumor has eroded part of the vertébral 
body but does not reach into the spinal canal, f The axial im¬ 
age at Th2 shows the médiastinal extension and compression 
of the left lung. (Continuation see nextpage) 
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Fig. 5.51. The native (g) and bone-window CT (h) at C7 
demonstrate the amount of bony destruction on the left side. 
i This intraoperative view shows the exposure after splitting 
the sternum. The right carotid artery has been dissected free. 
Skin marks demonstrate the position of the clavicles on either 


side. j With mobilization of both carotid arteries, the tumor 
is displayed. k After resection of the tumor sacrificing the 
left infiltrated C8 nerve root, the resection cavity and bony 
defect is visible. I The tumor specimen was removed in toto. 
(Continuation see nextpage) 
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Fig. 5.51. m With mobilization ofthe right 
carotid artery, a titanium mesh could be im- 
planted for reconstruction of C7, Thl, and 
Th2. n The reconstruction was secured with 
an anterior plate at C6-Th3. To avoid any 
adhesions between vessels and scar tissue 
surrounding this construct, a Gore-Tex® 
patch was placed between the spine and both 
carotid arteries. In a second operation, a pos- 
terior stabilization of C5-Th4 was performed. 
o The best postoperative overview is provided 
by the sagittal CT scout view showing the cor- 
rectly reconstructed sagittal profile. Latéral 
(p) and anterior-posterior X-rays (q) can only 
demonstrate parts of the stabilization. Five 
years later, the T2-weighted sagittal (r) and 
coronal (s) MRI scans show no evidence of a 
tumor remnant or récurrence. (Continuation 
see next page) 
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Fig. 5.51. ( Continued ) The axial Tl-weighted images at C7 (t) and Th3 (u) underline this perfect resuit. Postoperatively, pain 
and dysesthesias improved, while a Horner syndrome, sensory disturbances, and a slight weakness of her left arm persisted 


saw is used to eut the sternum. Combined with the 
cervical dissection, this will yield a more anterior and 
wider angle compared to the approach via resection 
of the sternoclavicular joint (Fig. 5.51). Obviously, 
these approaches carry the risk of injury to the pleura, 
thoracic vessels, and thoracic duct, in addition to the 
aforementioned risk of récurrent laryngeal nerve pal- 
sies. 

A good alternative for this région is a posterior or 
postérolatéral approach combined with a costotrans- 
versectomy (Fig. 5.52). Depending on the amount of 
spinal canal exposure required, a standard midline 
incision over the spinous processes or a paramedian 
incision can be used. With subperiosteal dissection of 
the vertébral arch, the transverse process, the costo- 
transverse joint, and the proximal rib of each required 
spinal level, damage to the underlying pleura and 
neurovascular bundle underneath the rib can be 
avoided. With distal division of the rib it can be ele- 
vated, rotated, and the costotransverse ligaments 
transected. The transverse process is then resected. 
For orientation, one should keep in mind that the in¬ 
tervertébral dise space is located under the articulat- 
ing surface of the transverse process with the rib. 
With further latéral resection of the rib and identifi¬ 
cation of the neurovascular bundle, the pariétal pleu¬ 
ra and sympathetic trunk can be mobilized from the 
antérolatéral surface of the vertébral body to achieve 
an excavitary antérolatéral approach. In this way, suf- 
ficient access to processes involving half of the verté¬ 
bral body and spinal canal can be gained. With more 


extensive lésions, combinations with other approach¬ 
es are required. 

Tumors between Th4 and ThlO can be reached 
from anterior rather comfortably by a transthoracic 
approach (Fig. 5.53) [97], The lower limitation of this 
approach is the diaphragm. With a médial diaphrag- 
matic incision, however, this approach provides good 
access even down to the L2/3 dise space. The patient is 
positioned in the latéral decubitus position. The site 
of the skin incision and rib resection is determined 
according to the spinal level to be targeted. A curved 
incision along that rib is performed, which inserts at 
the upper spinal level of the pathology and/or re¬ 
quired anterior reconstruction. The incision starts in 
the anterior axillary line. Depending on the spinal 
level, parts of the latissimus dorsi, trapezius, and 
rhomboid muscles need to be transected. The anterior 
serratus muscle is detached close to its insertion to 
avoid injury to the long thoracic nerve. After subperi¬ 
osteal dissection and ligation of the neurovascular 
bundle underneath the rib, the rib may be resected 
and a thorax retractor can be inserted. With incision 
of the pleura, the lung can be retracted and a large 
space is provided for resection, reconstruction, and 
stabilization. Care has to be taken to preserve the 
azygos and hemiazygos veins, and the thoracic duct 
(Fig. 5.53). The blood supply to the thoracic cord dé¬ 
pends on préservation of the artery of Adamkiewicz. 
This vessel shows considérable variability. It is a 
branch of a segmentai artery that originates at Th8 to 
ThlO - on the left side in about 80% and on the right 
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Fig. 5.52. Posterior approach with costotransversectomy: 
sagittal Tl- (a) and axial T2-weighted (b) MRI scans of a 
bronchial carcinoma metastasis with a large intraspinal 
component at Th5 in a 55-year-old woman with a 3-month 
history of back pain and progressive paraparesis. c This intra¬ 
operative view demonstrates the exposure of the tumor on the 
left side of Th5 after resection of the proximal part of the rib 
and a left hemilaminectomy. The intraspinal part of the 
tumor can be dissected off the dura (d) and followed ante- 
riorly exposing the infiltrated nerve root (arrowhead in e). 

(Continuation see nextpage) 
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Fig. 5.52. ( Continued ) After tumor resection (f) the defect is 
reconstructed with an expandable titanium cage (g). This cos- 
totransversectomy approach provides direct access to about 
the midline of the affected vertebra. Turning the patient to 
the opposite side and retracting pleura and lung gains further 


access to the opposite half of the vertébral body. The région 
underneath the contralatéral pedicle, however, remains in¬ 
accessible. h The posterior transpedicular stabilization from 
Th4 to Th6 is in place. The latéral X-ray (i) demonstrates the 
postoperative resuit 


side in 20% of cases. Therefore, the segmentai arteries 
at the anterior latéral aspect of lower thoracic verté¬ 
bral bodies should only be ligated if angiography has 
localized this artery. Alternatively, monitoring of sen- 
sory evoked potentials with test occlusion during sur- 
gery has been advocated [313]. Again, this approach 
provides access to the vertébral body and interverté¬ 


bral dises, but intraspinal or paraspinal tumor parts 
may require an additional posterior approach. Pa¬ 
tients require a thoracic drain for a few days to facili- 
tate reexpansion of the lung. Endoscopie techniques 
hâve been described in addition to such open trans- 
thoracic approaches [20,144], 
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Fig. 5.53. Anterior transthoracic approach. a With the 
patient in the latéral decubitus position, a skin incision along 
the desired rib is performed on the left side in a patient with 
a thoracic vertébral compression fracture. The rib is dissected 
free for resection, b The thoracic retractor in place, the 
pleura has been opened and the lung is exposed. c The lung 
is retracted anteriorly, protected with cotton cloth. This pro¬ 
vides direct access to the thoracic spine from an antérolatéral 
angle, d This macroscopie view shows ail retractors in place 
connected to an endoscopy ring, e This T2-weighted MRI 
scan shows a metastasis of a breast carci-noma at Th5 with 
collapse of the vertébral body and kyphotic angulation. 

(Continuation see nextpage) 
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Fig. 5.53. (Continued) f This axial Tl-weighted MRI demon- 
strates the infiltration of virtually the entire vertebra and con¬ 
sidérable cord compression from anterior (see also Fig. 5.38). 
g This intraoperative view shows the tumorous vertebra cov- 
ered by the anterior longitudinal ligament. With complété 



resection of the vertébral body (h), an expandable cage is 
implanted (i) and combined with an anterior plate (j). The 
postoperative coronal (k) and axial (I) bone-window CT scans 
demonstrate a good reconstruction of the spinal profile and 
décompression of the spinal canal 
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Fig. 5.54. Subcostal rétropéritonéal approach. a With the 
patient in the latéral decubitus position, a curved skin inci¬ 
sion along the 12th rib on the left side is performed on the 
left side in a patient with a lumbar vertébral compression 
fracture. This view shows the abdominal muscles and poste- 
rior fascia after resection of the 12th rib. The rétropéritonéal 
space is exposed covered with fat. Blunt dissection of this fat 
cover (b) exposes the peritoneum (c). d Retracting the ab¬ 
dominal muscles posteriorly and the peritoneal sac anteriorly, 
the iliopsoas muscle is visible. The ureter along the ventral 
border of this muscle is now located (arrowhead in e), 
dissected free (f ) and mobilized anteriorly (g). (Continuation 
see nextpage ) 






384 5 Epidural Tumors 



Fig. 5.54. h Finally, the iliopsoas muscle is mobilized 
posteriorly to expose the vertébral column. These sagittal 
T2- (i), Tl- weighted MRI scans without (j) and with 
contrast (k) demonstrate a hypernephroma metastasis at L2. 
The axial Tl-weighted MRI (I) and bone-window CT scan 
(m) demonstrate circumferential compression of the spinal 
cord and marked infiltration of the left iliopsoas muscle. 

0 Continuation see nextpage) 
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Fig. 5.54. ( Continued ) The angiography before (n) and after 
partial embolization (o) demonstrates the enormous vascu- 
larity of this tumor. p This intraoperative view shows the 
tumorous vertebra after mobilization of the infiltrated 
iliopsoas muscle. After resection of the vertebra (q), an 
expandable cage combined with an anterior plate are im- 
planted (r). In a second operation, a posterior approach 
was used for resection of the posterior tumor remnants and 
transpedicular stabilization Thl2-L4. The latéral (s) and 
anterior-posterior (t) X-rays demonstrate the final resuit 
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5.3.2.1.3 

Thoracolumbar and Lumbar Spine 

With tumors between Thl2 and L2, the transthoracic 
approach as just described would be our favorite 
choice for anterior access. Alternatively, a subcostal 
rétropéritonéal approach is available (Fig. 5.54), which 
can be combined with a diaphragmatic incision to 
get as high as Thl2 (Fig. 5.55). The rétropéritonéal 
approach is our choice for tumors involving the lum¬ 
bar spine down to L5. Below L4, the iliac vessels may 
limit this approach depending on the level at which 
they cross the lumbar spine. But with mobilization 
of these vessels, the body of L5 can be removed from 
this approach. The rétropéritonéal access provides an 
antérolatéral view, avoiding restrictions of transperi¬ 
toneal approaches related to the major abdominal 
vessels. Depending on the spinal level the patient is 
either in the latéral decubitus or supine position with 


the table slightly rotated. The table may be slightly 
bent at the level of the thoracolumbar junction, ele- 
vating the lower thorax. The table is rotated slightly to 
the left so that the abdominal contents can be retract- 
ed from the spine more easily. Bending the left leg at 
the hip relaxes the iliopsoas muscle. A curved latéral 
incision is made alongside the 12th rib or halfway to- 
ward the iliac crest on the left side. Depending on the 
targeted spinal level, this rib may be resected. The ex- 
ternal and internai oblique muscles are transected 
exposing the transverse abdominal muscle and poste- 
rior fascia. With transection of these structures, the 
retroperitoneum is entered and rétropéritonéal fat is 
seen covering the peritoneum. These are mobilized 
bluntly from the latéral and posterior abdominal wall. 
The iliopsoas muscle now covers the lumbar spine. 
The ureter usually lies near the ventral border of the 
psoas muscle and can be retracted anteriorly with the 



Fig. 5.55 a This intraoperative view represents the State of column is exposed (arrowhead). With mobilization of the il- 
dissection for a rétropéritonéal subdiaphragmatic approach iopsoas muscle (b) and diaphragmatic insertion (c), the ver- 
after anterior mobilization of the peritoneal sac (see Fig. 5.53g tebral body is visible, d This overview demonstrates the expo- 
for comparison). The diaphragmatic insertion at the spinal sure with ail retractors in place 
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peritoneal fat. To expose the lumbar spine, the psoas 
muscle has to be mobilized from anterior to be re- 
tracted posteriorly. Some authors caution against 
splitting this muscle to avoid injury to iliohypogas- 
tric, ilioinguinal, genitofemoral, and latéral cutane- 
ous fémoral nerves, which course within it at the level 
of L3 and L4. We regularly split this muscle and hâve 
not seen postoperative problems associated with these 
nerves. Care has to be taken, though, not to compress 
spinal nerves against transverse processes by retrac- 
tors. The sympathetic trunk lies along the ventral 
edge of the psoas muscle and can usually be preserved. 
This is particularly important at the level of L5, where 
the sympathetic plexus innervâtes the urogénital Sys¬ 
tem. With élévation of the psoas the vertébral bodies 
and segmentai vessels can be seen. Posterior exposure 
should be extended to visualize the latéral wall of the 
pedicle to provide a landmark for localization of the 
spinal canal (Fig. 5.54). If the exposure requires ac- 
cess to Thl2, the insertion of the diaphragm must be 
elevated (Fig. 5.55). In such instances, postoperative 
radiographs should be performed to rule out a pleural 
tear and pneumothorax. 

Alternatively, an anterior rétropéritonéal approach 
can be used to access L4, L5, and the sacrum with the 
patient in the supine position. From a paramedian in¬ 
cision on the left side along the rectus abdominis 
muscle, the fascial layers are transected allowing mo- 
bilization of the peritoneum to the opposite side, pro- 
viding a direct anterior angle to the lower lumbar 
spine. Care has to be taken to identify and transect ail 
minor branches off the iliac veins and arteries before 
mobilizing these vessels laterally. The feasibility of 
this approach for tumor removal dépends on the rela- 
tionship between the pathology and the major vessels. 
With a high-positioned iliac bifurcation, this anterior 
midline approach has advantages over the antérolat¬ 
éral rétropéritonéal approach, as described above. 

5.3.2.1.4 

Sacrum 

For sacral tumors, the size of the tumor and involve- 
ment ofpelvic organs dictate the approach [582], With 
small lésions involving the sacral spinal canal, a stan¬ 
dard posterior approach is sufficient (Fig. 5.56). With 
larger tumors extending into the pelvis, a combined 
approach from anterior and posterior and coopéra¬ 
tion with abdominal surgeons is recommended [211]. 
Stability requires préservation of SI and bladder-con- 
trol préservation of both SI and S2 roots [245]. Where- 
as sacral bone tumors in adults almost exclusively 


consist of either chordomas or métastasés, diverse 
histologies may be found in children [311]. 


53.2.2 

Tumor Removal 

The strategy for tumor removal has to account for the 
histology. With metastatic lésions or benign neo- 
plasms, removal can be done intralesionally. After the 
tumor has been reached, one should expose the neo- 
plasm entirely before starting its removal (Figs. 5.48, 
5.50, and 5.52-5.54). Almost ail bone tumors are quite 
vascularized so that it may become difficult to define 
tumor extensions once the removal and, thus, bleed- 
ing has started. Preoperative embolization may be 
particularly helpful for resection of osteoblastomas, 
aneurysmatic bone cysts, and thyroid and kidney tu¬ 
mor métastasés (Fig. 5.54) [200, 345]. With intratu¬ 
moral removal, the surgeon may hâve to work quickly 
to limit blood loss as the bleeding may not be control- 
lable until the tumor is removed. Quite often the ces¬ 
sation of bleeding is a good indicator that the mass of 
the tumor has been removed and persistent bleeding 
indicates that there is still tumor left. The limitations 
of a bone tumor may be difficult to define inside the 
vertébral body. The vascularization or consistency of 
the bone may be the only dues. Bony anatomical 
landmarks defined on CT can also be used. 

With primary malignant or locally aggressive, be¬ 
nign bone tumors, however, a different strategy 
should be employed whenever possible: en bloc resec¬ 
tion with healthy margins (Fig. 5.56). This will pro¬ 
vide the only chance for long-term disease-free sur- 
vival in such patients. An increasing number of 
publications hâve appeared describing en bloc resec¬ 
tions for tumors of the spine with good postoperative 
outcomes [2, 72, 81, 84, 126, 228, 279, 300, 301, 449, 
509, 536, 573].Planning for an en bloc resection of a 
vertébral body requires a detailed neuroradiological 
évaluation. A true en bloc resection of a vertébral 
body tumor can be achieved if the tumor is centrally 
located within the vertébral body with at least one 
pedicle free of tumor [80]. Anterior approaches - even 
from both sides if appropriate - are chosen for this 
purpose after a posterior operation has disconnected 
the posterior éléments and stabilized the spine. Dis¬ 
cectomies and sectioning of neighboring vertébral 
bodies with chisels or threadwire saws can be per¬ 
formed under direct vision followed by reconstruc¬ 
tion and fusion. Likewise, en bloc resections of poste¬ 
rior éléments are possible [80,301] provided the tumor 
has not entered the épidural space and does not prog- 
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Fig. 5.56. Sagittal médian (a) and paramedian (b) bone- 
window CT reconstruction of a sacral chordoma below S2 
in a 51-year-old woman with an 8-month history of sensory 
disturbances and pain. There is a marked presacral tumor 
component. c The axial scan at SI is absolutely normal 
with no evidence of tumor. The lower cuts (d, e) demon- 
strate the bony destruction ( arrowhead ) and anterior 
tumor extension. (Continuation see nextpage ) 
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Fig. 5.56. ( Continuai) The postoperative CT scans show 
the upper posterior resection margins (f, g) and the région 
of sacral amputation for access to the intrapelvic tumor (h), 
i A postoperative Tl-weighted MRI demonstrates the 
complété tumor resection and sacral amputation at S3. 

The patient recovered well form the procedure with some 
sensory impairment but preserved sphincter control. She 
underwent no adjuvant therapy and has been free from a 
récurrence for 12 years 



ress further into the vertébral body. Whenever tumors 
do not remain confined to these limits or récurrent 
tumors hâve to be operated, we would recommend 
combined approaches to corne as close as possible to 
an en bloc resection (Fig. 5.57). Compromises are re- 
quired whenever there is a significant extraosseous 
extension (i.e., in Enneking stage B tumors), especial- 


ly into the épidural or intradural spaces. A true onco- 
logical resection with préservation of neurological 
function cannot be achieved in such cases [126]. Bori- 
ani et al. described en bloc resections in 29 selected 
patients and obtained a wide margin in 20 of these 
operations [77]. 
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Fig. 5.57. a This latéral X-ray shows a vertébral body 
reconstruction of L1 with anterior plating and posterior 
fusion at Thl0-L4 after resection of a chordoma at another 
institution. The cage has dislocated as a resuit of tumor 
regrowth. b The sagittal T2-weighted MRI demonstrates pro- 
found anterior cord compression with involvement of Thl2- 
L2. c The bone-window CT shows the cage surrounded by 
tumor. Due to increasing pain and paraparesis, the decision 
was made to resect the tumor from a rétropéritonéal subdia- 
phragmatic approach. d This intraoperative view shows the 
infiltrated iliopsoas muscle exposed. e After mobilization of 
this muscle and extraspinal tumor resection, the ventral plate 
is apparent, f With removal of the plate and further tumor 
dissection, the titanium cage is visible surrounded by the 
tumor. (Continuation see nextpage) 
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Fig. 5.57. After removal of the cage (g), the tumor is resected 
with removal of Thl2, Ll, and L2 (h), i Inspection of the dura 
discloses an intradural tumor extension at Ll. The dura is re- 
paired with fascia and fibrin glue. An expandable cage is im- 


planted (j) combined with an anterior plate (k). I In a second 
operation from a posterior approach, the intradural tumor is 
demonstrated. Mobilization of the nerve roots (m) exposes the 
intradural tumor (n). (Continuation see nextpage) 
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Fig. 5.57. ( Continued ) o The tumor is removed in piecemeal 
fashion. p After complété intradural removal, the anterior 
dura repair with fascia is visible. An additional fascia graft is 
placed intradurally (q) and secured with fibrin glue. The 
posterior instrumentation was left in place. The postoperative 
anterior-posterior (r) and latéral (s) X-rays demonstrate the 
resuit after complété extra- and intradural resection. The 
patient kept his preoperative neurological status and under- 
went photon-beam radiotherapy. He has been free of a local 
récurrence for 1 year but has developed lung métastasés 



5.3.3 

Reconstruction, Stabilization, and Closure 

Once the process is removed, the resulting defect 
should be filled with either Gelfoam or other hemo- 
static materials. Once the bleeding has stopped the 
defect can then be used for reconstruction of the ver¬ 
tébral body using either PMMA (Fig. 5.58), bone 
(Fig. 5.50), or a titanium cage (Figs. 5.52-5.54, and 
5.57). In recent years, expandable cages hâve made 
vertébral body replacement easier, with immédiate 
stability combined with anterior or combined anteri¬ 
or and posterior instrumentation (Figs. 5.52-5.54, 
and 5.57) [533], PMMA can be applied as a block 
(Fig. 5.58) or injected into the remains of the vertébral 
body during a posterior décompression and instru¬ 
mentation (i.e., vertebroplasty; Fig. 5.59). With malig- 
nant tumors, we prefer PMMA and titanium cages 
[327, 329]; however, bone grafts can be used as well 
even if postoperative radio- and chemotherapy are 
planned (Fig. 5.50). Even though it seems hard to be- 


lieve, a recent report claimed fusion rates of 93% with 
bone grafts within 6 months in such instances [324], 
In general, bony fusions should be attempted for pa¬ 
tients with a life expectancy of more than 6 months 
[327], 

After reconstruction of a vertébral body, additional 
fixation should be applied. This can be done exclu- 
sively from anterior using a plate-and-screw fixation 
[299, 500, 512, 517] provided ail posterior éléments 
are intact (Figs. 5.50, 5.53, and 5.58). With destruc¬ 
tion of the posterior éléments by tumor or previous 
operations, a ventral stabilization alone is bound to 
fail (Fig. 5.60) [327, 329], Likewise a posterior ap- 
proach with transpedicular fixation in the thoracic or 
lumbar spine, or latéral mass fixation in the cervical 
spine [456, 563] alone will only be successful with ap- 
propriate ventral support (Figs. 5.52, 5.59). If this 
cannot be established from posterior, combined ap- 
proaches and stabilizations are required (Figs. 5.51, 
5.54, 5.57, and 5.60). 
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Fig. 5.58. a Latéral X-ray of abreast carcinoma metastasis at 
C4 in a 69-year-old woman and a history of pain and weak- 
ness of her left arm. The vertébral body has collapsed leading 
to anterior luxation, b Surprisingly, the sagittal T2-weighted 
MRI demonstrates only minor compression of the spinal cord. 
c The axial Tl-weighted, contrast-enhanced image shows 
involvement of the entire vertebra but no intraspinal tumor 


extension, d The bone-window CT image demonstrates pro- 
found bony destructions of the vertébral body. e The intra¬ 
operative view shows the anterior longitudinal ligament and 
the prominent longus colli muscle on the right side ( arrow- 
head). f The ligament was resected and the dises C3/4 and 
C4/5 hâve been removed. (Continuation see nextpage) 
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Fig. 5.58. ( Continuai ) g The body of C4 was removed 
exposing the posterior longitudinal ligament, h The defect 
was filled with PMMA. i The postoperative sagittal CT 
reconstruction demonstrates a good reconstruction of the 
cervical profile with anterior plating of C3-C6. j The axial 
bone-window CT shows the vertébral reconstruction 




Fig. 5.59. Sagittal T2- (a) and Tl- 
weighted MRI scans with contrast 
(b) of a colon carcinoma metastasis 
at Th3 in a 65-year-old man with a 
2-month history of pain and a slight 
paraparesis. The spinal cord com¬ 
pression occurs exclusively from 
anterior. (Continuation see nextpage) 
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Fig. 5.59. This is underlined by the axial MRI (c) and bone- 
window CT images (d). Instead of a demanding anterior ap- 
proach at this level, a posterior approach was chosen. e This 
intraoperative view demonstrates the situation after removal 
of the spinous process of Th3. After laminectomy (f), both 


pedicles were removed stepwise providing access to the verté¬ 
bral body (g). After resecting some of the posterior part of the 
body from both sides, the remainder was filled with PMMA 
using intraoperative vertebroplasty followed by transpedicu- 
lar fixation Thl-Th5 (h). (Continuation see nextpage) 
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Fig. 5.59. (Continuée!) The post- 
operative anterior-posterior (i) and 
latéral (j) X-rays demonstrate a good 
realignment of the spinal canal. 

There is some anterior collection 
of PMMA without any clinical sig- 
nificance. The patient improved post- 
operatively in terms of pain relief and 
his paraparesis and was referred to 
undergo radiotherapy 


The cervicothoracic (Figs. 5.51 and 5.60) and 
thoracolumbar junctions (Figs. 5.54 and 5.57) offer 
particular problems of stability as the more rigid tho- 
racic spine is connected here with more mobile spinal 
segments. As a general rule, longer constructs incor- 
porating posterior instrumentations are required to 
establish stability in these régions. Shorter and exclu- 
sively anterior instrumentations carry the risk of fail- 
ure in these junctions even with intact posterior élé¬ 
ments [314, 329], 

Table 5.5 summarizes our current surgical treat- 
ment scheme for patients with spinal bone tumors. 
For patients in bad clinical condition, palliative mea- 
sures such as vertebroplasty and radio- or chemother- 
apy are offered depending on the tumor histology. For 
tumors affecting the cervicothoracic, thoracic, thora¬ 
columbar, and lumbar spine, either combined or pos¬ 
terior approaches are employed depending on the 
patients condition, tumor histology, and effective- 
ness of adjuvant treatment options. 


5.3.4 

Adjuvant Therapy 

For malignant soft-tissue and bone tumors, postop- 
erative radiotherapy and/or chemotherapy are man- 
datory to ensure a long-lasting local control of the lé¬ 
sion. The modality of treatment needs to be tailored 
according to local conditions, histology, and onco- 
logical status, and should be discussed with oncolo- 
gists and radiotherapists. 

With successful en bloc resections of primary, low- 
malignant tumors such as chordomas and chondro- 
sarcomas, one may observe the further outcome and 
reserve radiotherapy for the event of a récurrent tu¬ 
mor. 

First reports hâve now appeared with results for 
stereotactic radiosurgery of spinal tumors [51, 137, 
140, 465], These studies report good results for pain 
relief for malignant bone tumors. Whether this mo¬ 
dality should be employed for such lésions as intradu¬ 
ral schwannomas [51], however, is questionable. 
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Fig. 5.60. Sagittal T2- (a) and Tl-weighted MRI contrast- 
enhanced scan (b) of a bronchial carcinoma metastasis at 
Th3 in a 51-year-old man with a 1-week history of rapidly 
progressing paraparesis. A laminectomy followed by a trans- 
axillary resection of the vertébral body combined with ver¬ 
tébral reconstruction and anterior plating had been done at 
another institution. Neglecting the now missing posterior 
éléments, this construct failed leading to luxation and pro- 
found cord compression. The axial MRI (c) and bone-window 
CT images (d) demonstrate a recurring tumor in the body of 
Th3 and tumor spread to Th4. The patients reduced general 
health status precluded a ventral approach in this patient, 
e This intraoperative view demonstrates the final situation 
after resection of the intraspinal tumor components from 
the right side and transpedicular stabilization at Thl-Th5. 

(Continuation see nextpage ) 
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Fig. 5.60. (Continued) The postop- 
erative sagittal CT reconstruction (f) 
provides a much better mode of con- 
trol, demonstrating a good realign- 
ment of the sagittal profile compared 
to the anterior-posterior (g) or latéral 
(h) X-rays, which are notoriously 
difficult to interpret at this level. 

The patient showed marked improve- 
ment of his paraparesis, regaining his 
ability to walk within a few days 
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Table 5.5. Surgical strategy for spinal bone tumors 


1 Tumor localization 

Approach 

Tumor 

Reconstruction 

Fusion 

Option | 

Cervical 

Posterior 

Posterior 

Complété resection 

- 

Latéral mass screws 


Cervical 

Anterior 

Anterior 

Complété resection 

Cage or bone 

Anterior plating 

mass screws 

Cervicothoracic junction 
Posterior 

Posterior 

Complété resection 

- 

+ pedicle screws 


Cervicothoracic junction 
Anterior 

- Good prognosis 

Combined 

Complété resection 

Cage 

+ pedicle screws + 
anterior plating 


Cervicothoracic junction 

Costotrans- 

Complété or 

Cage or 

Latéral mass 


Anterior 

- Moderate prognosis 

versectomy 

subtotal resection 

vertebroplasty 

pedicle screws 


Thoracic 

Posterior 

Posterior 

Complété resection 

- 

- 

Pedicle screws 

Thoracic 

Anterior 

- Good prognosis 

Combined 

Complété resection 

Cage 

Pedicle screws 

Anterior plating 

Thoracic 

Anterior 

- Moderate prognosis 

Costotrans- 

versectomy 

Complété or 
subtotal resection 

Cage, PMMA or 
vertebroplasty 

Pedicle screws 


Thoracolumbar 

Posterior 

Posterior 

Complété resection 

- 

Pedicle screws 


Thoracolumbar junction 
Anterior 

- Good prognosis 

Combined 

Complété resection 

Cage 

Pedicle screws 

Anterior plating 

Thoracolumbar junction 
Anterior 

- Moderate prognosis 

Posterior ± 

Costotrans- 

versectomy 

Complété or 
subtotal resection 

Cage, PMMA or 
vertebroplasty 

Pedicle screws 


Lumbar 

Posterior 

Posterior 

Complété resection 

- 

- 

Pedicle screws 

Lumbar 

Anterior 

- Good prognosis 

Combined 

Complété resection 

Cage 

Pedicle screws 

Anterior plating 

Lumbar 

Anterior 

- Moderate prognosis 

Posterior 

Complété or 
subtotal resection 

Cage, PMMA or 
vertebroplasty 

Pedicle screws 


Sacrum 

Posterior 

Complété or 
subtotal resection 

- 

- 

Posterior fusion 


Abbreviation: PMMA = polymethylmethacrylate 
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5.4 

Postoperative Results and Outcome 

Postoperative results are analyzed separately for soft- 
tissue, benign, and malignant bone tumors. 

5.4.1 

Tumor Resection and Spinal Instrumentation 

Posterior approaches were used for the overwhelming 
majority (91% for soft-tissue and 80% for bone tu¬ 
mors, respectively). Anterior or combined approaches 
were applied for the remainder. The only exceptions 
were cervical bone tumors, which were removed via 
anterior approaches in 61% of patients (Table 5.6). 

Epidural soft-tissue tumors were removed com- 
pletely in 75% of patients, while subtotal removals 
were performed in 24% and décompressions in 1%. 
For benign bone tumors of the spine, the correspond- 
ing figures were 38% for complété resections, 46% for 
subtotal removals, and 15% for décompressions. With 
malignant bone tumors, 41% were resected complete- 
ly and 54% subtotally, while 6% were decompressed 
only (Table 5.7). Examination of the surgical results 
according to Enneking grades revealed higher rates 
for complété resection of solitary tumors without 
soft-tissue extension compared to those with soft-tis¬ 
sue extension or tumors with additional spinal or ex¬ 
traspinal manifestations (p=0.0024; Table 5.8). Com¬ 


bined for ail bone tumors, complété resections were 
obtained for 41% of patients, while subtotal removals 
and décompressions were performed for 53% and 6%, 
respectively (Table 5.7). 

Looking at spinal bone tumors, biomechanical as¬ 
pects also had to be addressed. Using the criteria of 
instability as mentioned in section 5.2, 34% of spinal 
bone tumors met these criteria for spinal instability. 
Fusion by either transpedicular fixation, vertébral 
body reconstruction and anterior plating, or a combi¬ 
nation of both was applied in 48% of these patients. 
Such techniques were also applied in 8% of operations 
dealing with preoperatively stable situations, if spinal 
instability was présent after tumor removal. For 34%, 
instrumentation was effected by transpedicular fixa¬ 
tion after applying PMMA, a titanium cage, or bone 
into the vertébral defect; 46% were treated exclusively 
from anterior by applying a titanium cage or iliac 
crest bone for vertébral reconstruction and securing 
this with anterior plating. For the remaining 20%, a 
combined approach - vertébral reconstruction from 
anterior and transpedicular fixation from posterior 
- was used. However, stabilization was not performed 
for ail patients meeting the instability criteria. A pure 
tumor removal and décompression was performed 
for 52% of patients in this group (Table 5.9). 



Table 5.7. Surgical results for épidural spinal tumors 


Type of surgery Soft-tissue tumor Bone tumor Total 


Complété 

Subtotal 

Décompression/ 

biopsy 


79 (75%) 
25 (24%) 
1 (1%) 


91 (41%) 
119(53%) 
14 (6%) 


170 (52%) 
144 (44%) 
15 (5%) 
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Table 5.8. Surgical results for spinal 
bone tumors related to Enneking 


1 Enneking classification 

Complété 

Subtotal 

SI 

2 

67% 

- 

S2 

3 

4 


38% 

50% 

S3 

- 

2 

IA 

1 

- 

IB 

14 

16 


45% 

52% 

IIA 

28 

12 


67% 

29% 

IIB 

29 

61 


31% 

64% 

IIIA 

4 

4 


36% 

36% 

TTTB 

10 

20 


32% 

65% 


Decompression/biopsy 


33% 

1 

13% 


1 

3% 

2 

5% 

5 

5% 

3 

27% 

1 

3% 


Table 5.9. Instrumentation for spinal bone tumors 



Unstable 77 (34%) 

- Fusion 37 (48%) 

- No fusion 40 (52%) 

Stable 147 (66%) 

- Fusion 13 (9%) 

-No fusion 134(91%) 

Transpedicular fixation 17 (34%) 

Anterior reconstruction 23 (46%) 

Combined reconstruction ± fixation 10 (20%) 


5.4.2 

Clinical Results 

For épidural soft-tissue tumors, clinical improve- 
ments for the first postoperative year were observed 
for ail preoperative symptoms. The average Karnof¬ 
sky score increased from 77±9 to 87±10 (p<0.01) in 
this period (Table 5.10). 

For benign bone tumors, significant improvements 
were seen within the first postoperative year for pain 
only, as most patients lacked other symptoms preop- 
eratively and remained unchanged neurologically. 
The average Karnofsky score increased from 80±10 to 
90±10; however, due to the limited number of pa¬ 
tients, this improvement did not reach statistical sig- 
nificance (Table 5.11). 


For malignant bone tumors, significant postopera¬ 
tive improvements for 6 mont h s were obtained for 
sensory déficits, pain, motor weakness, gait, and 
sphincter disturbances [299,456, 512, 514, 563], How¬ 
ever, the Karnofsky score remained almost unchanged 
(63±17 and 65±23, respectively; Table 5.11). In other 
words, a good postoperative clinical resuit for a ma¬ 
lignant épidural tumor requires an early intervention 
[517], 

The effect of tumor removal on clinical outcome 
was analyzed separately for soft-tissue (Table 5.12) 
and bone tumors (Table 5.13). With complété remov- 
als of soft-tissue tumors, significant improvements 
were obtained within the first postoperative year for 
each symptom and the Karnofsky score, which in¬ 
creased form 79±9 to 88±9 (p<0.01). With incomplète 
removals, significant improvements were still ob¬ 
tained for pain, sphincter functions, and the Karnof¬ 
sky score, but postoperative improvements were less 
pronounced (preoperatively 72±7 and 77±9 after 
1 year;p<0.05). 

We performed a multivariate analysis to predict a 
high Karnofsky score 1 year after surgery for an épi¬ 
dural soft-tissue tumor. The most important inde- 
pendent factors were a complété tumor resection, a 
high preoperative Karnofsky score and avoidance of 
a récurrence (p<0.0001; Table 5.14). The length of 
history, the patient’s âge, the number of previous 
operations on that tumor, the histological grade, and 
the spinal level of the tumor had no significant im¬ 
pact. 
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Pain 3,4±1.0 

Hypesthesia 3.8±1.0 

Dysesthesias 4.2±0.9 

Gait 4.4±0.8 

Motor power 4,0±1.1 

Sphincter function 4.5±1.0 

Karnofsky score 77±9 


3.8±0.8 4.4±0.8 4.4±0.8 

4.0±0.9 4.2±0.7 4.2±0.7 

4.4±0.8 4.4±0.7 4.5±0.7 

4.4±0.8 4.6±0.6 4.6±0.6 

4.1±0.9 4.4±0.8 4.4±0.9 

4.7±0.6 4.8±0.5 4.8±0.4 

80±8 85±10 87±10 


4.410.7** 

4.310.7** 

4.510.7* 

4.610.6** 

4.410.8** 

4.910.4** 

87110** 


Table 5.10. Clinical course for 
patients with spinal épidural soft- 
tissue tumors 


Statistically significant différence between preop. status and 1 year postop.: *p<0.05, 
**p<0.01; abbreviations: Preop. = preoperative, Postop. = postoperative 


Table 5.11. Clinical course for patients with spinal bone tumors 


1 Symptom 


Preop. status 

i Postop. status 3 Months 

postop. 

6 Months 
postop. 

1 Year postop. 1 

Pain 

BBT 

2.710.6 

3.310.6 

4.311.2 

4.311.2 

4.710.6** 


MBT 

2.810.8 

3.610.7 

3.810.9 

3.611.2** 


Hypesthesia 

BBT 

4.710.6 

4.710.6 

4.710.6 

4.710.6 

4.710.6 


MBT 

3.611.0 

4.010.9 

4.110.9 

4.011.0** 


Dysesthesias 

BBT 

4.310.6 

4.710.6 

4.710.6 

4.710.6 

4.710.6 


MBT 

4.710.6 

4.910.4 

4.810.5 

4.710.6 


Gait 

BBT 

5.010.0 

5.010.0 

5.010.0 

5.010.0 

5.010.0 


MBT 

3.511.5 

3.811.3 

4.011.3 

3.711.5* 


Motor power 

BBT 

4.710.6 

5.010.0 

5.010.0 

5.010.0 

5.010.0 


MBT 

3.711.4 

4.011.2 

4.211.1 

4.011.3** 


Sphincter function 

BBT 

5.010.0 

5.010.0 

5.010.0 

5.010.0 

5.010.0 


MBT 

4.011.5 

4.211.2 

4.311.2 

4.311.2* 


Karnofsky score 

BBT 

80110 

8316 

90110 

90110 

90110 


MBT 

63117 

67117 

68120 

65123 



Statistically significant différence between preop. status and 1 year postop. and 6 months postop., respectively: *p<0.05, **p<0.01; 
abbreviations: BBT = benign bone tumors, MBT = malignant bone tumors 


For spinal bone tumors postoperative neurological 
improvements were not related to the amount of tu- 
mor resected. After complété resections, significant 
improvements for at least 6 months were seen for pain 
and sensory déficits, with the remaining symptoms 
unchanged. The Karnofsky score remained virtually 
unaltered. After incomplète resections, significant 
improvements for 6 months were observed for pain 
and motor power, with even slight but insignificant 
improvements for the remaining symptoms and the 
Karnofsky score during this period. Comparing the 
two groups after 6 months, patients with incomplète - 
ly resected tumors had made up for some of their pre¬ 
operative déficits, whereas patients with complété 


resections remained more or less stable (Table 5.13). 
A multivariate analysis to achieve a high Karnof¬ 
sky score after 6 months revealed that the preope¬ 
rative Karnofsky score had by far the greatest pré¬ 
dictive power, followed by avoidance of a récurrence, 
a low spinal level, female sex, and spinal fusion. 
Less important factors were the completeness of 
resection, the length of history, number of affected 
vertebra, and postoperative radiotherapy (pcO.0001; 
Table 5.14). The following factors had no significant, 
independent influence: the patients âge, the histo- 
logical grade, the number of affected vertebra, the 
presence of instability, and further extraspinal 
lésions. 
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Table 5.12. Clinic 
patients with epidi 
tumors related to t 


Complété 

3.6±1.0 

3.9+0.8 

4.610.7 

4.610.7 

4.5+0.7** 

Subtotal 

2.8±0.7 

3.7+0.7 

3.811.0 

3.911.1 

3.8+0.8** 

Hypesthesia 

Complété 

4.0±0.9 

4.210.8 

4.4+0.7 

4.4+0.6 

4.4+0.7** 

Subtotal 

3.2±0.8 

3.210.7 

3.6+0.5 

3,4+0.5 

3.4+0.5 

Dysesthesias 

Complété 

4.2±0.9 

4.510.8 

4.510.7 

4.510.7 

4.5+0.7* 

Subtotal 

4.310.9 

4.410.9 

4.410.9 

4.410.9 

4.4+0.9 

Gait 

Complété 

4.310.8 

4.4+0.7 

4.610.6 

4.610.5 

4.7+O.S** 

Subtotal 

4.210.7 

4.1+0.8 

4.210.7 

4.210.7 

4.2+0.7 

Motor power 

Complété 

4.111.1 

4.210.9 

4.510.8 

4.510.8 

4.5+0.8* 

Subtotal 

3.611.1 

4.110.8 

4.210.7 

4.110.8 

4.0+0.7 

Sphincter function 

Complété 

4.7±0.7 

4.910.3 

5.010.2 

5.010.2 

5.0+0.2* 

Subtotal 

3.6±1.3 

4.111.1 

4.210.8 

4.310.7 

4.4+0.7** 

Karnofsky score 

Complété 

79+9 

80+8 

86+9 

88+9 

88+9** 

Subtotal 

72+7 

78+7 

79+9 

79+9 

77+9* 


Statistically significant différence between preop. status and 1 year postop.: *p< 0.05, 
**p<0.01 


We hâve analyzed further the impact of spinal in- 
stability and its management on clinical outcome for 
patients with spinal bone tumors in the first 6 postop¬ 
erative months (Table 5.15). Examination of the pre- 
operative conditions of patients with and without spi¬ 
nal instability revealed worse scores for patients with 
additional instablities except for sensory déficits and 
dysesthesias. For stable patients, postoperative im- 
provements were seen for pain, sensory déficits, mo- 
tor power, and sphincter functions. The Karnofsky 
scores increased slightly but insignificantly from 
65±18 to 68±23. For patients with additional insta- 
bilities, improvements were only obtained for pain, 
with the remaining symptoms unchanged and Kar¬ 
nofsky scores of 56±17 preoperatively and 55±24 after 
6 months. In other words, clinical results were con- 
siderably better for patients without additional insta¬ 
bility - in terms of the overall clinical condition and 
the chances for postoperative improvements. 


The most interesting question in relation to the 
surgical management of patients with additional in¬ 
stability relates to the impact of spinal fusion on post¬ 
operative clinical outcome compared to patients in 
whom instability had not been treated. One would ex- 
pect that neglecting instability and concentrating 
purely on spinal décompression should corne short 
for these patients. 

Our results in this respect reveal that additional 
fusion of patients with spinal instabilities stabilized 
the neurological status, with no significant change of 
the Karnofsky score in the first 6 postoperative 
months (64±14 to 59±20 after 6 months) and a sig¬ 
nificant improvement for pain. Without fusion, no 
significant changes were seen for pain as well as other 
neurological symptoms and the Karnofsky score 
(43±10 to 46±30 after 6 months). At each time point, 
scores for unstable patients were better with spinal 
fusion compared to those without. However, looking 
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Symptom 


Months 6 Months 

ostop. postop. 


Pain 

Complété 

Subtotal 

Hypesthesia 

Complété 

Subtotal 

Dysesthesias 

Complété 

Subtotal 


2.8±0.6 3.6±0.7 

2.6±0.7 3.5±0.7 


3.9±1.2 4.3±0.9 

3.5±0.9 3.8±0.9 


4.7±0.6 4.8±0.5 

4.7±0.5 4.9±0.3 


3.9±1.0 3.5+1.3** 

3.6±0.9 3.5+1.1** 


4.4±0.9 4.3+0.9* 

3.9±0.9 3,7+1.1 


4.8±0.5 4.7±0.7 

4.8±0.5 4.8±0.5 


Ta b I e 5.13. Clinical course for 
patients with spinal bone tumors 
related to tumor removal 


Gait 

Complété 3.9±1.4 4.0±1.4 

Subtotal 3.3±1.6 3.7±1.4 

Motor power 

Complété 4.0±1.3 4.1±1.3 

Subtotal 3.3±1.5 3.8±1.3 

Sphincter function 

Complété 4.4±1.2 4.4±1.2 

Subtotal 3.7±1.6 4.0±1.4 

Karnofsky score 

Complété 67±16 69±19 

Subtotal 58±18 64±17 


4.2±1.1 

3.8±1.5 


4.6±1.1 

4.0±1.4 


71±23 

66±19 


3.9+1.3 

3.6±1.8 


4.2+1.1 
3.8+1.6* 


66+25 

63+23 


Statistically significant différence between preop. status and 6 months postop.: 
*p< 0.05, **p<0.01 


Table 5.14. Multivariate analysis for prédiction of a high postoperative Karnofsky score for patients with spinal épidural tu- 


Factor 


pvalue 

H Factor 

p-value 

High preop. KS 

BT 

0.2987 

Fusion BT 

- 


STT 

0.6354 

STT 

0.2379 

Complété resection 

BT 

0.3601 

Solitary lésion BT 

- 


STT 

0.1571 

STT 

0.1647 

Récurrence 

BT 

0.2954 

Short history BT 

- 


STT 

0.3511 

STT 

0.1382 

Low spinal level 

BT 

- 

Postop. radiotherapy BT 

- 


STT 

0.3083 

STT 

0.1071 

Female sex 

BT 

- 

Corrélation STT: r=0.6339,p<0.0001; corrélation BT: r=0.8109, 


STT 

0.2683 

p<0.0001; abbreviations: KS = Karnofsky sci 
mors, STT = Soft-tissue tumors 

are, BT = bone tu- 
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Table 5.15. Clinical course for 
patients with spinal bone tumors 
related to spinal stability 


Symptom 


Months 6 Months 

ostop. postop. 


Pain 


Stable 

Unstable 

- Fusion 

- No fusion 

Hypesthesia 

Stable 

Unstable 

- Fusion 

- No fusion 

Dysesthesias 

Stable 

Unstable 

- Fusion 

- No fusion 

Gait 

Stable 

Unstable 

- Fusion 

- No fusion 

Motor power 

Stable 

Unstable 

- Fusion 

- No fusion 

Sphincter fonction 

Stable 

Unstable 

- Fusion 

- No fosion 

Karnofsky score 

Stable 

Unstable 

- Fusion 

- No fosion 


2.8±0.6 3.6±0.7 

2.3±0.5 3.3±0.8 

2.3±0.5 3.6±0.5 

2.4±0.5 2.8±0.9 


3.7±1.0 4.1±0.9 

3.6±1.2 3.9±1.1 

4.0±1.2 4.1±1.1 

2.9±0.6 3.5+1.1 


4.7+0.6 4.9+0.3 

4.8+0.5 4.8+0.5 

4.9+0.4 4.7+0.6 

4.8+0.7 5.0+0.0 


3.7+1.5 4.0+1.3 

32+1 5 3.4+1.6 

3.9+1.5 3.9+1.8 

2.0+0.5 2.5+0.8 


3.7+1.4 4.1+1.2 

3.411.5 3.6+1.4 

41+1.3 4.0+1.6 

2.0+0.8 2.9+0.8 


4.1+1.4 4.3+1.2 

3.9+1.5 3.9+1.7 

4.5+1.1 4.3+1.5 

2.9+1.7 3.1+1.7 


65+18 69+16 
56+17 59+21 
64+14 64+20 
43+10 49+18 


3.9+0.9 3.6+1.2*“ 

3.3+0.8 3.2+1.0* 

3.5+0.8 3.4+0.8** 

2.9+0.8 3.0+1.2 


4.2+0.9 4.1+0.9* 

4.0+1.1 3.7+1.4 

4.1+1.1 4.1+1.2 

3.6+0.9 3.1+1.6 


4.8+0.5 4.7+0.6 

4.8+0.5 4.8+0.5 

4.7+0.6 4.7+0.6 

5.0+0.0 5.0+0.0 


4.2+1.2 3.9+1.4 

3.5+1.6 3.3+1.9 

4.1+1.3 3.9+1.5 

2.4+1.4 2.1+2.0 


4.3+1.2 4.1+1.3** 

3.8+1.3 3.6+1.6 

4.2+1.2 4.0+1.4 

3.0+1.2 2.8+1.6 


4.4+1.1 4.4+1.2* 

3.9+1.6 3.9+1.6 

4.3+1.5 4.1+1.6 

3.3+1.7 3.4+1.7 


71+21 68+23 
60+19 55+24 
66+16 59+20 
51+22 46+30 


Statistically significant différence between preop. status and 6 months postop.: 
*p<0.05, **p<0.01 
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at the preoperative conditions of these two subgroups 
illustrâtes our intention to tailor the operation to the 
patient s condition. An average preoperative Karnof¬ 
sky score of 43±10 for unstable patients who did not 
undergo fusion indicates that hardly anyone in this 
group was self ambulatory at the time of présentation 
so that a limited surgical intervention was ail that was 
undertaken. For patients in whom fusion was per- 
formed, on the other hand, the preoperative Karnof¬ 
sky score was similar to that of patients with a stable 
spine so that a more extensive operation could be per- 
formed to maintain ambulation. Outcome was still 
worse for unstable patients with spinal fusion com- 
pared to those without preoperative instability. This 
indicates a more aggressive behavior of tumors that 
compromise spinal stability, as reflected by higher 
rates for high malignancies and unfavorable Ennek- 
ing grades. 

5.4.3 

Complications 
5.4.3.1 

Short-Term Complications 

The overall complication rate for épidural tumors was 
12%, with no significant différences between soft-tis- 
sue and bone tumors. Soft-tissue tumors were associ- 
ated with a complication rate of 8%, with two post- 
operative hematomas and one patient each with a 
wound infection, CSF leak, instability, injury of the 
thoracic duct, pneumonia, and a pleural effusion. For 
benign bone tumors a rate of 10% was observed due 
to spinal instability in one patient. Malignant bone 
tumors had a slightly higher complication rate of 15% 
[64, 296, 518]. The commonest complications in this 
group were wound infections (11 patients), hemato¬ 
mas (4 patients) and instabilities (4 patients). 

In terms of postoperative spinal instability, this 
was counted as a complication if it became clinically 
manifest immediately after surgery. Three patients 
developing this complication had undergone fusion 
that failed, whereas one patient who was considered 
as stable developed instability postoperatively. 

Other surgical complications that were encoun- 
tered included a CSF leak, an intercostal neuralgia, a 
récurrent laryngeal nerve palsy, and a mandibular 
dislocation. Two patients suffered pulmonary embo- 
lisms and six other patients a variety of other medical 
problems such as pulmonary or urinary infections, 
deep vein thrombosis, or myocardial infarction (Ta¬ 
ble 5.16). 


Table 5.16. Complications for patients with épidural spinal 
tumors 


Type 

Soft- 

tumors 

tumors 

Total 

Wound infection 

1 

il 

12 

CSF leak 

1 

1 

2 

Hemorrhage 

2 

4 

6 

Instability 

1 

5 

6 

Intercostal neuralgia 

- 

1 

1 

Récurrent laryngeal palsy 

- 

1 

1 

Mandibular dislocation 

- 

1 

1 

Thoracic duct injury 

1 

- 

1 

Central dysrégulation 

- 

1 

1 

Pneumonia 

1 

1 

2 

Pleural effusion 

1 

- 

1 

Deep vein thrombosis 

- 

1 

1 

Pulmonary embolism 

- 

2 

2 

Myocardial infarction 

- 

1 

1 

Urinary tract infection 

- 

1 

1 

Septicemia 

- 

1 

1 

Total n 

8 

32 

40 

% 

8% 

14% 

12% 


Abbreviation: CSF = cerebrospinal fluid 


5.4.3.2 

Long-Term Complications 

Fong-term complications may occur due to late-de- 
veloping spinal instability or a postoperative myelop- 
athy. Postoperative instabilities requiring surgical 
measures occurred early in the postoperative period 
and indicated intraoperative misjudgments. We hâve 
not seen clinical problems related to late spinal insta¬ 
bilities for patients with spinal bone tumors, even in 
those cases where preoperative criteria of instability 
had been présent and fusion was not performed. This 
may be explained by the fact that most of these pa¬ 
tients harbored highly malignant tumors and did not 
survive long enough for this problem to become rele¬ 
vant. We did observe kyphotic angulations in two pa¬ 
tients, causing back pain, but neither of these were 
considered severe enough or responsible for a my- 
elopathy to warrant a reoperation. 

The results of our sériés compare favorably with 
those of a study describing long-term outcomes after 
radiotherapy of malignant tumors in children: Butler 
et al. [93] determined the late conséquences of radio¬ 
therapy in 143 children: 35% showed spinal scoliosis, 
36% a chest asymmetry, 10% kyphotic angulations, 
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and 16% complained about back pain. Three patients 
developed radiation-induced tumors. To our knowl¬ 
edge, a comparable study on adults does not exist. 

No postoperative myelopathy was observed for pa¬ 
tients with épidural tumors in our sériés, but three 
patients with épidural schwannomas complained 
about persistent dysesthesia syndromes, presumably 
related to radicular irritations by scar tissue. 


5.4.4 

Morbidity, Récurrences, and Survival 

These analyses were done with Kaplan-Meier statis- 
tics. Clinical and radiological récurrence rates were 
identical for épidural tumors, indicating that almost 
no delayed, tumor-independent morbidity exists, 


which may be quite significant for intramedullary 
tumors, for instance. 

For épidural soft-tissue tumors, a permanent mor¬ 
bidity of 4% was determined. Within 5years, 28% 
and within 10 years, 37% of the tumors had recurred 
(Fig. 5.61). Analysis of the impact of the amount of tu- 
mor resected revealed a significant différence for sur- 
gical morbidity, which was 1% after complété and 13% 
after subtotal resections. Récurrence rates after 5 and 
10 years were 18% and 30%, respectively, after com¬ 
plété resections and 54% within 5 years after subtotal 
resections (Fig. 5.62). A multivariate analysis, howev- 
er, did not confirm that a complété resection was an 
independent, significant factor to prevent a récur¬ 
rence. The strongest independent influence to predict 
a low récurrence rate was a benign histological grade. 


Fig. 5.61. Tumor récurrence 
rates for épidural soft-tissue 
and bone tumors (log-rank 
test: p<0.0001) 
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Table 5.17. Multivariate analysis for prédiction of a high 
tumor récurrence rate for patients with épidural spinal tumors 



Malignant grade BTT 0.6653 


Malignant grade BTT 0.6653 

STT 

Low preoperative BT 

Karnofsky score STT 0.2708 

Long history BT 0.2440 

STT 

Preoperative BT 0.2412 

radiotherapy gyy 

No postoperative BT 0.2335 

radiotherapy gyy 

No fusion BT 

STT 0.1937 

Secondary surgery BT 

STT 0.1456 

Old âge BT 

STT 0.1430 

Short history BT 

STT 0.1424 

Incomplète resection BT 

STT 0.1341 


Corrélation STT: r=0.6739,p<0.0001; corrélation BT: r=0.4212, 
p=0.0051 


Other independent, but less prominent factors were, 
in order of importance, a long clinical history, preop¬ 
erative radiotherapy, and no postoperative radiother¬ 
apy (p<0.0001; Table 5.17). No significant influence 
was effected by the patient’s âge, the affected spinal 
level, or the preoperative clinical condition. 

For spinal bone tumors, a permanent morbidity of 
2% was observed. The récurrence rate after 5 years 
was calculated as 82%, with no further récurrences 
thereafter (Fig. 5.61). For ten patients with benign 
bone tumors, permanent surgical morbidity was ob¬ 
served in one patient, with two tumor récurrences 
after 7 and 30months, respectively. For malignant 
bone tumors, permanent surgical morbidity was de- 
termined as 2%, and récurrence rates were calculated 
after 1 and 5 years as 60% and 85%, respectively 
(Fig. 5.63). 

For spinal bone tumors, surgical morbidity was de- 
termined as 1% and 2% after complété and incomplète 
removals, respectively. Récurrence rates after 5 years 
were calculated as 80% after complété and 85% after 
subtotal removals (Fig. 5.64). Again, a multivariate 
analysis was performed to ascertain the predictors of 
a low récurrence rate. This analysis showed that the 
strongest predictor of a récurrence was a low preop¬ 
erative Karnofsky score (Fig. 5.65). Less important 
factors were no spinal fusion, a short patient history, 
surgery on a récurrent tumor, young âge, and an in¬ 
complète resection (p=0.0Q51; Table 5.17). Spinal lev¬ 
el, number of affected vertebrae, presence of extraspi¬ 
nal lésions, and the presence of instability had no 
prédictive power in this respect. 



Time in Wlonths 


Fig. 5.63. Overall tumor 
récurrence rate for spinal 
malignant bone tumors 
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Fig. 5.64. Tumor récur¬ 
rence rates for spinal bone 
tumors as a function of the 
degree of tumor resection 
(log-rank test: not signifi- 
cant) 



Fig. 5.65. Tumor récur¬ 
rence rates for spinal bone 
tumors as a function of the 
preoperative Karnofsky score 
(log-rank test: p=0.013) 



Time in Months 


Fig. 5.66. Tumor récur¬ 
rence rates for malignant 
spinal bone tumors, as a 
function of Enneking grades 
(log-rank test: not signifi- 
cant) 
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Fig. 5.67. Survival rates for 
patients with spinal épidural 
soft-tissue and bone tumors 
(log-rank test: p<0.0001) 


0.0 

0 



Time in Nlonths 


Fig. 5.68. Survival rate 
for patients with malignant 
spinal bone tumors 



Fig. 5.69. Survival rates 
for patients with malignant 
spinal bone tumors, as a 
function of the preoperative 
Karnofsky score (log-rank 
test:p=0.05) 
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We classified the spinal bone tumors of this sériés 
according to Enneking’s classification [157] to ana- 
lyze the influence of local soft-tissue extensions and 
the presence of additional spinal and extraspinal lé¬ 
sions on récurrence rates and survival. Among the 
benign tumors, three were in class SI, eight were in 
class S2, and two were in class S3. These numbers did 
not allow a meaningful statistical analysis for benign 
tumors. With malignant tumors, 1 tumor was in class 
IA, 31 were in class IB, 42 were in class IIA, 95 were in 
class IIB, 11 were in class IIIA, and 31 were in class 
IIIB. Corresponding to the multivariate analysis, the 
comparison of local récurrence rates for malignant 
tumors revealed only slight, but no statistically sig- 
nificant différences between groups IA±IB, IIA±IIB, 
and IIIA±IIIB (Fig. 5.66). 

With respect to surgical mortalities, defined as 
death within 1 month of operation, a rate of 6% was 
observed for soft-tissue tumors. This was related to 
three patients with large épidural schwannomas and 
two patients with soft-tissue sarcomas. For spinal 
bone tumors, a surgical mortality of 14% was calcu- 
lated (Fig. 5.67). Figures did not differ significantly 
between benign and malignant bone tumors (11% and 
15%, respectively). 

For malignant bone tumors, survival rates of 59%, 
34%, and 26% were observed after 1, 5, and 10 years, 
respectively (Fig. 5.68) [296], According to a multi¬ 
variate analysis, a high mortality figure for malignant 
bone tumors was predicted mainly by a bad preopera- 
tive clinical condition (Fig. 5.69). Other less impor¬ 
tant predictors were an emergency operation and the 
presence of extraspinal manifestations (p<0.0001; 
Table 5.18). However, no independent effect was seen 


for âge, spinal level, spinal instability, or the amount 
of resection (Fig. 5.70) - with the exception of en bloc 
resections for primary bone tumors. Corresponding- 
ly, statistically different survival rates were obtained 
according to the Enneking classification between 
low- and high-level malignancies as well as between a 
localized and a more widespread tumor burden (log 
ranktest:p=0.0058; Fig. 5.71). 

Boriani et al. [81] advocate en bloc resections for 
treatment of malignant bone tumors and operated 43 
patients with a variety of histologies in this fashion. 
In this sériés there were 11 benign tumors, 15 low- 
level malignancies (i.e., Enneking stages IA or IB), 
and 17 high-level malignancies. The mean âge of their 
cohort was 35 years. Clinical détériorations due to 
metastatic dissémination or local regrowth were seen 
in 25%, with local récurrences in 9%. Six patients with 
high-level malignancies died 10-28 months postop- 
eratively, while 77% were disease free at the latest fol- 
low up. This study exemplifies the problem of reports 
advocating aggressive surgical resections: they claim 
better results in terms of survival with good neuro- 
logical function compared to standard surgical tech- 


Table5.18. Multivariate analysis for prédiction of a high 
mortality rate for malignant bone tumors 



Low preoperative Karnofsky score 0.4084 

Emergency 0.1367 

Extraspinal lésions 0.0798 


Corrélation: r=0.4068,p<0.0001 



Time in Months 
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Fig. 5.71. Survival rates 
for patients with malignant 
spinal bone tumors, as a 
function of Enneking grades 
(log-rank test: p=0.0058) 


niques, but mix benign, low-malignant and high-ma- 
lignant tumors together and do not apply survival 
statistics. For benign and low-level malignancies, a 
high survival rate does not require such a radical re¬ 
section. The major objective is functional préserva¬ 
tion. For highly malignant tumors, aggressive surgi- 
cal strategies may be reasonable if they offer a better 
chance of survival without inflicting unacceptable 
morbidity. Fîere, 6 out of 17 patients reported died 
within 28 months. The rate of patients surviving 1 or 
2 years is not provided, making it impossible to com¬ 
pare these results to those of other studies. 


5.5 

Spécifie Entities 

5.5.1 

Soft-tissue Tumors 

5.5.1.1 

Nerve Sheath Tumors 

Among épidural soft-tissue tumors, nerve sheath tu¬ 
mors were the commonest group. Schwannomas and 
neurofibromas can be distinguished. Of the 290 spi¬ 
nal nerve sheath tumors in this sériés, 65 were épidu¬ 
ral tumors (22.4%). We encountered 58 schwannomas 
and 7 neurofibromas. This is the largest reported 
sériés of épidural spinal nerve sheath tumors to date. 
Other sériés hâve reported smaller percentages for 
épidural tumors, mostly below 10% [129, 156], and 
hardly contained more than a dozen nerve sheath 
tumors in the épidural group. 


Fortuna et al. [175] claimed a higher proportion of 
épidural nerve sheath tumors in children compared 
to adults. One such case was even described in a 3- 
month-old child [546], However, a higher proportion 
of épidural nerve sheath tumors in children is not 
supported by our sériés, as we could find no différ¬ 
ence in âge distribution between intradural, extradu¬ 
ral, and dumbbell tumors. 

The mean âge at présentation was 42±17 years, 
with an average history of 30±57 months. Fourteen 
patients with neurofibromatosis type 2 (NF-2) har- 
bored 22 schwannomas, 3 patients with neurofibro¬ 
matosis type 1 (NF-1) had 3 neurofibromas removed, 
while the remaining 40 patients had single nerve 
sheath tumors: 36 schwannomas and 4 neurofibro¬ 
mas. Thirty-two tumors were encountered in the cer¬ 
vical (Fig. 5.72), 14 in the thoracic (Figs. 5.45 and 
5.46), 10 in the lumbar (Fig. 5.73), and 9 in the sacral 
spine (Fig. 5.74). This distribution was significantly 
different compared to intradural or intraextradural 
schwannomas (chi-square test: p< 0.0001) [267]. 
Whereas dumbbell tumors were more common in the 
cervical spine, nerve sheath tumors were seen in the 
sacral area almost exclusively epidurally. The average 
follow up was 45±52 months. In a sériés of 16 patients 
by Celli et al. [105], a completely different distribution 
was reported, with 14 épidural nerve sheath tumors 
located in the lumbar or sacral spine and just 2 cervi¬ 
cal tumors. 

Pain was the initial clinical symptom of an épidu¬ 
ral nerve sheath tumor in 68% of patients [105], Dys- 
esthesias were reported as the initial problem by 12%, 
with no différences between patients with or without 
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Fig. 5.72. Coronal (a) and axial (b) Tl-weighted, contrast- 
enhanced MRI scans of an épidural schwannoma at Cl/2 
on the left side in a 40-year-old man with a progressive tet- 
raparesis and neck pain, c The intraspinal component on the 
T2-weighted sagittal scan causes significant cord compres¬ 
sion. None of these images shows clearly whether there is 


an intradural component. d The latéral X-ray demonstrates 
érosion of the lamina of C2 and a widened neuroforamen. 
The axial CT (e) and the three-dimensional reconstruction (f ) 
provide a good orientation, demonstrating bone and tumor. 
0 Continuation see nextpage) 
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Fig. 5.72. ( Continued ) g This intraoperative overview, taken 
with the patient in the semisitting position shows the épidural 
tumor after soft-tissue dissection and removal of the lamina 
at C2. h With part of the tumor already removed, this micro¬ 
scopie view shows the connection of the tumor to the dura. 


i Upon dura opening, no intradural tumor is visible. After 
debulking (j), a complété resection is achieved resulting in 
a complété décompression of the spinal cord (k). I The dura 
has been closed and the épidural tumor bed covered with 
fibrin tissue 
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Fig. 5.73. Sagittal T2- (a) and axial Tl-weighted MRI contrast- 
enhanced Scan (b) of a schwannoma at L2-L3 on the right side in 
a 53-year-old man with a 5-year history of pain (see also Fig. 5.2). 

C This three-dimensional reconstruction of the bone-window CT 
images demonstrates the latéral extension of the tumor in relation to 
spinal canal and transverse processes, d The intraoperative overview 
demonstrates the tumor after resection of the right hemilamina and 
part of the transverse process at L2. e With opening of the capsule 
and debulking, the tumor turned out to be highly vascularized. 
{Continuation see nextpage ) 
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Fig. 5.73. (Continued) f The nerve root fibers ( arrowhead ) 
did not display motor responses on stimulation and were tran- 
sected (arrowhead in g), h This view demonstrates the situa¬ 
tion after complété resection of the tumor. i The tumor bed 


was covered with fibrin tissue for hemostasis. Postoperatively, 
pain improved. No motor déficit developed. However, the 
patient reported a slight sensory déficit in his right thigh 


NF-2. At clinical présentation, pain was still the pre- 
dominating problem for 61% of patients. However, in 
24% of patients gait problems had become the major 
threat. With regard to neurological signs before sur- 
gery, patients without NF-2 were significantly less af- 
fected by neurological déficits compared to patients 
with NF-2, with the exception of pain and dysesthe- 
sias, which were about equally severe in both groups 
(Table 5.19). The preoperative Karnofsky score was 
significantly lower in patients with NF-2 compared to 
patients without NF-2 (63±17 and 78±9, respectively; 
p=0.0044). 

Epidural nerve sheath tumors may grow to enor- 
mous proportions (Fig. 5.3) [257, 293, 335, 392, 396, 
508]. This raises the problem of whether tumors with 
considérable intra- and extraspinal extension should 
be operated in a single or staged operation. Single op¬ 
erations with combined approaches from antérolat¬ 
éral and posterior hâve been used for removal of such 


tumors [208]. Lot and George [334] hâve reported ex¬ 
cellent results using a modified anterior approach for 
cervical tumors, achieving a complété resection in 55 
of 57 patients. We hâve used anterior approaches in 
eight and a combined approach in one patient, split- 
ting surgeries in this case [156]. The remainder were 
operated via modified posterior approaches [105]. 

The other problem is radicality. Neuropathological 
studies hâve shown that removal of the capsule is 
mandatory for achieving a complété resection, as the 
capsule of a spinal schwannoma does contain neo- 
plastic tissue [224], With growth of such tumors 
toward the cervical or lumbar plexus, to mention just 
neural structures, it may become extremely difficult 
to resect such processes completely without compro- 
mising brachial or lumbar plexus, or important ves- 
sels, for example. 

Radical resections hâve been advocated for such 
tumors [105,257]. Celli et al. [105] preserved just 2 out 
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Fig. 5.74. Sagittal (a) and coronal (b) Tl- and axial T2-weight- 
ed (c) MRI scans of a plexiform neurofibroma at S1-S4 in a 
43-year-old woman with an 11-year history of pain and pro¬ 
gressive distal paraparesis and complété sphincter control. The 
tumor has grown along the sacral nerves into the pelvic région. 


d A three-dimensional reconstruction of the bone-window CT 
scans demonstrates enlarged neuroforamina on the right side. 
e This intraoperative view shows the tumor after removal of the 
right half of the sacral roof. The tumor capsule is incised (f) for 
debulking (g). (Continuation see nextpagè) 
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Fig. 5.74. (Continued) h The anterior wall of the intraspinal 
tumor is reached. With resection of this capsule, the enlarged 
neuroforamina underneath could be used (i) to reach the pre- 
sacral part of this tumor (j). Once again, The tumor capsule 
is incised (k) and the tumor finally removed completely (I). 
The postoperative sagittal Tl-weighted MRI scans with- 
out (m) and with contrast (n), and the axial scan (o) show 
enhancing granulation tissue in the bony defect. Post- 
operatively, pain increased for about 3 months before finally 
recovering. Her gait improved immediately and no other 
neurological déficit developed with the exception of 
increased sensory disturbances at S1-S5 on the left side 
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Table 5.19. Symptoms for patients with épidural nerve sheath 
tumors at présentation 


Pain 84% 

Gait ataxia 42% 

Motor weakness 47% 

Sensory déficits 58% 

Dysesthesias 42% 

Sphincter problems 11 % 


83% 

75% 

92% 

83% 

42% 

42% 


84% 

48% 

57% 

65% 

42% 

19% 


Abbreviation: NF-2 = neurofibromatosis type 2 


of 16 nerve roots with this strategy. Their sériés incor- 
porated only two NF-2 patients. Postoperatively, sev- 
eral patients complained about a radicular dysesthetic 
burning pain that disappeared after 20days. One 
patient suffered a slight, transient L5 palsy, while ail 
patients experienced increased sensory déficits. In an 
earlier paper, Celli [104] observed persistent motor 
déficits for two patients with épidural cervical 
schwannomas and none for intradural schwannomas 
after radical resection and sacrifice of the originating 
nerve root, indicating that préservation of the under- 
lying root is important for préservation of function - 
at least for épidural tumors. 


Table 5.20. Clinical course for 
patients with épidural nerve sheath 
tumors related to NF-2 




Months 6 Months 1 
ostop. postop. pi 


Pain 


No NF-2 

NF-2 

Total 

Hypesthesia 
No NF-2 
NF-2 
Total 

Dysesthesias 
No NF-2 
NF-2 
Total 

Gait 

No NF-2 

NF-2 

Total 

Motor power 
No NF-2 
NF-2 
Total 

Sphincter function 
No NF-2 
NF-2 
Total 

Karnofsky score 
No NF-2 
NF-2 
Total 


3.211.0 3.7±0.8 

3.0±1.2 3.6±0.9 

3.2±1.0 3.7±0.8 


4.1±0.9 4.1±0.9 

2.8±0.5 3.2±0.8 

3.9±1.0 3.9±1.0 


4.2±0.9 4.3±0.9 

3.8±1.1 4.2±0.8 

4.2±0.9 4.3±0.9 


4.5±0.7 4.3±0.8 

3.6±0.6 4.0±0.7 

4.4±0.8 4.3±0.8 


4.0±1.2 4.0±1.3 

3.4±0.9 3.8±0.5 

4.0±1.2 4.0±1.0 


4.6±0.9 4.8±0.7 

4.2±1.1 4.6±0.6 

4.6±0.9 4.8±0.6 


78±9 79±9 
68±4 72±4 
76±9 78±8 


4.3±0.8 
4 2±1 3 
4.3±0.9 


4.4±0.8 

4.6±1.3 

4.4±0.9 


4.410.7* 

4.610.9* 

4.410.8* 


4.2±0.9 

4.0±0.7 

4.210.8 


4.2±0.9 

4.0±0.7 

4.2±0.8 


4.3±0.8 

4.210.5* 

4.210.8* 


4.4±0.9 

4.210.8 

4.310.8 


4.410.9 

4.210.8 

4.310.8 


4.510.8 

4.210.8 

4.410.8 


4.610.6 

4.210.5 

4.610.6 


4.610.6 

4.210.5 

4.610.6 


4.610.6 

4.210.5 

4.610.6 


4.411.0 

3.810.5 

4.310.9 


4.311.0 

4.010.7 

4.310.9 


4.411.0 

4.210.5 

4.310.9* 


4.810.5 4.910.4 4.910.3 

4.610.6 4.610.6 4.610.6 

4.810.5 4.810.4 4.910.4* 


85110 86110 86110* 
7619 7619 7619* 
84110 84110 84111* 


Statistically significant différence between preop. status and 1 year postop.: *p< 0.05, 
**p<0.01 
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From our expérience, even an aggressive strategy 
aiming at radical resection cannot guarantee avoid- 
ance of a récurrence. Most patients will not accept 
radical removal of a benign tumor if that means losing 
function permanently, even if this incorporâtes the 
risk of a récurrence. This has to be taken into account 
in NF-2 patients in particular. According to our expé¬ 
rience, NF-2 patients may harbor tumors on any nerve 
root and will always place function before radicality 
[543]. In our sériés, 72% of épidural nerve sheath tu¬ 
mors were removed completely, while 26% were resect- 
ed subtotally. For 67% of the tumors, the involved 
nerve root was resected with the tumor, while it was 
preserved in 33%. For the majority of subtotal remov- 
als, préservation of a functionally relevant nerve root 
was the reason. For patients with and without NF-2, 
the rate for complété removals was lower for the for¬ 


mer, at 57%, compared to 79% for the latter, reflecting 
our general policy for NF-2 patients. 

Surgical morbidity was 5% related to permanent 
injury of functionally relevant nerve roots. The over- 
all récurrence rates for épidural nerve sheath tumors 
were similar to those of their intradural and intra-ex- 
tradural counterparts, with 26% of tumors recurring 
within 5 years and 39% recurring within 10 years. 
The corresponding figures for patients without NF-2 
were determined as 10%, 18%, and 25% after 1, 5, and 
10 years, respectively, while the figures for NF-pa- 
tients were 19%, 57%, and 78%, respectively (log-rank 
test: p=0.0173; Fig. 5.75). Celli et al. [105] lost four pa¬ 
tients to follow up and claimed no récurrences for the 
remaining patients, with a mean follow up of 7 years. 

With respect to récurrence rates as a function of 
the degree of tumor resection, overall récurrence rates 



Fig. 5.75. Tumor récurrence 
rates for patients with épi¬ 
dural nerve sheath tumors, 
as a function of the presence 
or absence of NF-2 (log-rank 
test:p=0.0173) 
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Fig. 5.76. Tumor récur¬ 
rence rates for épidural nerve 
sheath tumors, as a function 
of the extent of tumor resec¬ 
tion (log-rank test: p<0.0001) 
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Fig. 5.77. Tumorrecur- 
rence rates for épidural nerve 
sheath tumors, as a function 
of the extent of tumor resec¬ 
tion for patients with and 0,8 ' 

without NF-2 (log-rank test: 
p=0.0004) 
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Fig. 5.78. Sagittal (a) and axial (b) Tl-weighted, contrast- 
enhanced MRI scans of a malignant schwannoma at C2-C4 
in a 21-year-old woman with a 14-month history of pain and 
sensory disturbances., Radiotherapy was applied after resec¬ 


tion of the tumor, but a récurrence developed within 8 months. 
After two subséquent surgeries for récurrences, the patient 
died 14 months after the first operation 


of 7% and 24% were found after complété resections 
within 5 and lOyears, respectively, and 74% after 
5 years following subtotal resection (log-rank test: 
p<0.0001; Fig. 5.76). Again, splitting these according 
to the presence and absence of NF-2 showed consider- 
ably lower values for the patients without NF-2 after 
complété compared to subtotal resections, with 3% 
and 70% recurring after 5 years, respectively (log- 
rank test: p=0.0002), while for NF-2 patients, corre- 
sponding figures after 5 years of 25% and 100% were 


obtained after complété and subtotal removals, re¬ 
spectively (log-rank test: p=0.0004; Fig. 5.77). 

Four operations in two patients dealt with malig¬ 
nant schwannomas. One patient died despite radio¬ 
therapy and three operations on a C2/3 tumor 
14 months after the initial diagnosis (Fig. 5.78). The 
other patient underwent complété resection of a 
Thll/12 schwannoma with postoperative radiothera¬ 
py and is in good condition 8 years postoperatively 
without a récurrence. Mazel et al. [359] reported on 

















422 5 Epidural Tumors 



Fig. 5.79. Survival rates for 
patients with épidural nerve 
sheath tumors as a function 
of the presence or absence 
ofNF-2 (log-rank test: not 
significant) 
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three malignant schwannomas in the thoracic spine. 
Despite radical resections, ail patients had died with- 
in 27 months. 

Analysis of mortalities for patients with benign épi¬ 
dural nerve sheath tumors showed higher figures for 
NF-2 patients, with 35% having died within 7 years af- 
ter surgery compared to 11% without NF-2 (Fig. 5.79). 


5.5.1.2 

Synovial Cysts 

Synovial cysts are associated with degenerative 
changes of intervertébral joints [112, 243]. They con- 
tain synovial cells with additional proliférative tissue 
consisting of histiocytes, giant cells, and granulation 
tissue. They may contain mucinous material or clear 
cyst fluid [460,525]. Most of them hâve been reported 
to occur in the lumbar spine (Fig. 5.80), predomi- 
nantly at L4/5, but case reports hâve been published 
with synovial joints in the thoracic [148, 202, 332, 
337], and more often in the cervical spine (Figs. 5.81 
and 5.82) [10,100,108,111,120,121,132,159,162,181, 
269, 278, 376, 383, 398, 410, 495, 526, 527, 554, 572, 
584], They are mostly located in an antero- or pos¬ 
térolatéral position; however, even far latéral synovial 
cysts hâve been observed [432], Not too rarely, spon- 
taneous régression of synovial cysts has been de- 
scribed [241, 340, 368, 423, 524]. Apart from cysts oc- 
curring in association with degenerative spine disease, 
cases hâve been associated with trauma [100,179,410] 
and rheumatoid arthritis [383], 

Before the advent of MRI, a considérable number 
of synovial cysts were discovered incidentally during 


surgery for lumbar dises or spinal stenosis [466]. It 
has been estimated that up to 1% of ail MRI scans for 
lumbar pain will detect a synovial cyst [217], On CT, 
the characteristic finding is a cystic lésion adjacent to 
an intervertébral joint (Figs. 5.6, 5.80, and 5.82) [92, 
478,548,557], which may be partly calcified [103, 398, 
548, 557] or contain gas [47, 165, 481]. One case was 
reported with érosion of the vertébral body [269], The 
appearance is quite variable on MRI [22], as synovial 
cysts may contain fluid or solid components inter- 
mingled with hemosiderin due to small hemorrhages. 
Characteristically, the rim of the cyst will be hypoin- 
tense on Tl- and hyperintense on T2-weighted images 
and may take up gadolinium [31, 163, 184, 217, 330, 
383, 478], 

We hâve observed 15 patients with synovial cysts 
in our sériés (Table 5.21). The âge ranged from 46 to 
78 years (mean 62±11 years) [282, 338, 407, 542] and 
presented after an average history of 7±7 months. 
Acute présentations may be observed due to sudden 
hemorrhages into the cyst or even the épidural space 
[259, 274, 531, 556], This group was followed for a 
mean duration of 26±39 months. Three cysts were 
observed in the cervical région (Cl/2, C2 and C7/ 
Thl), one at the thoracolumbar junction, and the re- 
maining 11 in the lumbar spine - 2 at L5/S1 and 9 at 
L4/5. This distribution is consistent with other re¬ 
ported sériés [17,138,158,182,217,242,243, 338,407, 
542], 

The predominating symptom was pain, which was 
confined to the back and then followed a radicular 
distribution in virtually ail patients [17,158,242, 243, 
282, 338, 370]. Additional neurological déficits such 
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Fig. 5.80. Sagittal T2- (a) and Tl-weighted (b) MRI scans of 
a synovial cyst at L4/5 on the left side in a 65-year-old woman 
with a 4-week history of radicular pain, c The axial image 
shows a cystic lésion related to the degenerated intervertébral 
joint L4/5 on the left side. d This intraoperative view, taken 
after interlaminar fenestration, shows the cyst covering the 
dura and nerve root, e The cyst is evacuated and dissected 
off the dura, f With removal of the cyst wall the dura takes 
its normal position. Postoperatively, the patient experienced 
immédiate and complété pain relief 
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Fig. 5.81. Sagittal (a) and axial (b) Tl-weighted MRI scans 
of a synovial cyst at C2 on the left side in a 51-year-old man 
with a 2-year history of neck pain, diffuse sensory changes 
and dysesthesias on the left side. c The axial T2-weighted 
scan clearly demonstrates the extradural localization. 
d A CT scan shows the lésion as an isodense process. 
e This intraoperative view, taken with the patient in the 
semisitting position after hemilaminectomy of C2, shows 
the opened cyst. (Continuation see nextpage ) 
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Fig. 5.81. ( Continued) The lésion is removed in piecemeal 
fashion (f), resulting in a complété resection (g), h A post- 
operative MRI vérifiés this resuit. The patient reported 
improvement of pain and dysesthesias but no change of 
sensory disturbances. He has been free of a récurrence for 
10 years 


Fig. 5.82. Paramedian sagittal Tl-weighted 
MRI scans without (a) and with contrast (b) 
of a synovial cyst involving the atlantodental 
joint on the right side in a 69-year-old man 
with a 1-year history of severe neck pain 
provoked by neck movements. There 
appears a small contrast-enhancing lésion. 

(Continuation see nextpage ) 
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Fig. 5.82. The correspondit^ axial scans (c, d) demonstrate 
an extradural lésion with signal changes in the base of C2 on the 
right side. e The T2-weighted scan demonstrates hyperdense 
signal changes in the right neuroforamen and along the vertébral 
artery. The bone-window CT scans taken at the level of the atlan- 
todental joint (f ) and base of C2 (g) show reactive changes of the 
joint and sclerosis in the adjacent bone. These images also dem¬ 
onstrate the relationship between the lésion and the course of 
the right vertébral artery. (Continuation see nextpagé) 
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Fig. 5.82. h With the patient in the prone position, a hemi- 
laminectomy at Cl and partial hemilaminectomy of C2 on 
the right side shows reactive soft-tissue changes obscuring the 
underlying pathology. i After dissection of this soft tissue and 
the vertébral artery, the accompanying veins are covered with 
fibrin tissues and part of the pathology appears between 
the dura and the artery. j This image shows the situation af¬ 


ter removal of the synovial cyst and part of the accompanying 
soft-tissue changes, k The final intraoperative picture displays 
the occipitocervical fusion to C4 using latéral mass screws. 
The postoperative bone-window CT images demonstrate 
the area of resection (I) and the position of the screws (m). 
{Continuation see nextpage) 
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Fig. 5.82. ( Continued ) n The latéral X-ray shows the correct 
position of the implants, but also considérable degenerative 
dise disease in ail cervical segments down to C7. The patient 
experienced considérable pain relief and has been free of 
symptoms for 5 months 


as sensory déficits (50%), dysesthesias (36%), motor 
weakness (36%), and gait (14%) or sphincter problems 
(14%) were rather mild and not functionally signifi- 
cant for most patients [138, 158, 242, 243, 338], Con- 
sequently, the preoperative Karnofsky score of 83±8 
was very high compared to of other patients with spi¬ 
nal tumors. 

As far as treatment is concerned, three strategies 
are recommended in the literature. CT-guided aspira¬ 
tion and injection of corticosteroids is reported to 
produce reasonable results in terms of pain relief [217, 
268, 420, 476]. However, if long-term results beyond 
6 months are analyzed, only about 30% of patients 
will still show a satisfactory resuit. Therefore, this 
modality will only provide a short-lived benefit [17, 
250, 487], 

Better long-term results are reported with surgical 
treatment. Within the neurosurgical literature, cyst 
resection is favored and produces excellent results for 
neurological déficits as well as for pain relief (Figs. 5.80 
and 5.81) [17, 31, 32, 138, 158, 182, 242, 243, 338, 370, 
407, 542], 

On the other hand, several authors in the orthopé¬ 
die literature hâve emphasized the point that the prés¬ 
ence of synovial cysts indicates a compromised inter¬ 
vertébral joint so that the issues of instability and 
spinal fusion for these patients are raised. At the level 


of Cl/2, several case reports hâve shown that the cyst 
will regress if fusion of the affected level is performed 
[108, 383]. Likewise, the combination of cyst removal 
and fusion was recommended for lumbar [158, 180, 
282] and craniocervical cases (Fig. 5.82) [67], Howev¬ 
er, those authors who looked at the incidence of spinal 
instabilities after a synovial cyst had been resected 
found that only a small proportion needed such a sec¬ 
ond intervention [32], This was even true for a sériés 
in which a significant proportion (41%) of patients 
demonstrated an additional degenerative spondylo- 
listhesis [32], 

The largest sériés on synovial cysts was been pub- 
lished by Lyons et al. [338], who presented the Mayo 
Clinic expérience of 194 patients. They performed a 
posterior fusion in 18 of their 194 patients because 
spinal instability was demonstrated in addition to the 
cyst. The remainder were treated exclusively by cyst 
resection. Subséquent instabilities occurred in only 4 
of these 176 patients. Therefore, they concluded that 
posterior fixation should not be performed in ail pa¬ 
tients with synovial cysts, but be reserved for patients 
with preexisting instability. 

For the level of Cl/2 at the atlantodental joint, sy¬ 
novial cysts hâve been managed by transoral resec¬ 
tion only [278], transoral resection plus posterior fix¬ 
ation [67], posterior fixation only [108, 383], posterior 
resection only [67, 162, 181, 526, 584], and posterior 
resection plus fixation (Fig. 5.82) [10, 410], Again, 
the question of stability has to be evaluated preopera- 
tively. If the patient is unstable at Cl/2 or reactive 
inflammatory changes involve intervertébral joints 
(Fig. 5.82), then the patient will need posterior fixa¬ 
tion to achieve a good pain control. 

In our sériés, ail patients were operated from a pos¬ 
terior approach with either a laminectomy (2 pa¬ 
tients), a laminotomy (1 patient), or hemilaminecto- 
my/interlaminar fenestration (12 patients). Ail but 
two synovial cysts could be completely resected. One 
patient required fusion (Fig. 5.82). 

Postoperative clinical results hâve been excellent 
for this group of patients. Lyons et al. [338] reported 
that 91% of their 194 patients experienced marked 
pain relief in the first postoperative month, and after 
6 months, 82% still reported this improvement. In 
our sériés, ail but one patient reported pain relief for 
at least 6 months postoperatively with improvement 
of preoperative neurological symptoms in ail but one 
patient. 

The postoperative long-term outcome is character- 
ized by a very low récurrence rate, which is reported 
to be between zéro and 3% [32,407], In our sériés, not 
a single récurrence was seen. 
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Table5.21. Spinal synovial cysts 


1 Sex 

Age 

(years) 

Level 

History 

(months) 

Symptoms 

Surgery 

Outcome | 

M 

70 

C1/C2 

72 

Pain 

Subtotal 

+ Fusion 

Improved 

No Rec. in 

1 month 

M 

51 

C2 

24 

Hypesth., Dysesth., Pain, Sphincter 

Subtotal 

Improved 

No Rec. in 

124 months 

M 

61 

L5/S1 

? 

Pain 

Complété 

Improved 

Lost to follow up 

M 

64 

L5/S1 

0.5 

Dysesth., Motor, Pain 

Complété 

Improved 

Lost to follow up 

F 

50 

L4/5 

3 

Hypesth., Motor, Pain 

Complété 

Improved 

Lost to Follow up 

F 

52 

L4/5 

14 

Hypesth., Pain 

Complété 

Improved 

Lost to follow up 

M 

75 

Thl2/Ll 

1 

Hypesth., Pain, Sphincter 

Complété 

Improved 

No Rec. in 

72 months 

M 

46 

L4/5 

0.5 

Hypesth., Pain 

Complété 

Improved 

No Rec. in 

40 months 

F 

78 

L4/5 

6 

Dysesth., Pain 

Complété 

Improved 

No Rec. 

39 months 

F 

63 

L4/5 

12 

Pain 

Complété 

Improved 

Lost to follow up 

F 

71 

L4/5 

5 

Hypesth., Dysesth., Pain, Motor 

Complété 

Improved 

No Rec. in 

32 months 

F 

64 

C7/Thl 

1 

Hypesth., Motor, Gait, Pain 

Complété 

Unchanged 

Lost to follow up 

F 

60 

L4/5 

? 

Pain 

Complété 

Improved 

Lost to follow up 

M 

55 

L4/5 

0.5 

Pain 

Complété 

Improved 

Lost to follow up 

F 

77 

L4/5 

12 

Dysesth., Motor, Gait, Pain 

Complété 

Improved 


Lost to follow up 

Abbreviations: M = male, F = female, Hypesth. = hypesthesia, Dysesth. = dysesthesia, Motor = motor weakness, Gait = gait 
ataxia. Sphincter = sphincter functions, Rec. = récurrence 

5.5.1.3 

Arachnoid Cysts 

Epidural arachnoid cysts are rare spinal pathologies. 

They require a durai defect so that the arachnoidal 
layer can herniate through it. This dura defect may be 
congénital [113] or posttraumatic [115, 155]. They 
hâve also been described in association with dysraph- 
ic malformations [186, 214, 439] andNF-2 [280], 

The communication between cyst and subarach- 
noid space may be difficult to demonstrate on MRI so 


that myelography followed by CT can still be regarded 
as a very useful diagnostic method, especially for épi¬ 
dural cysts that extend over several spinal segments 
(Figs. 5.83 and 5.84) [147, 150, 155, 265, 280, 302, 419, 
452], Doita et al. [150] demonstrated pressure changes 
in an épidural arachnoid cyst with kinematic MRI dur- 
ing Valsalva maneuvers, explaining the fluctuating 
symptoms as posturing or straining in these patients. 

Eguchi et al. [152] reported their expérience with 
the use of a small endoscope as a diagnostic tool in 
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Fig. 5.83. a This sagittal T2-weighted 
MRI shows a small syrinx at C2/3 and pos- 
terior displacement of the cord starting at 
the cervicothoracic junction down to the 
level of Th7 in a 46-year-old woman with a 
previous history of a horse-riding accident 
several years before developing a slight 
tetraparesis (see also Fig. 5.9). Starting at 
the level of the C2/3 dise space, a dark band 
appears to converge on the cord anteriorly 
and posteriorly (arrowheads). b The axial 
T2-weighted MRI image taken at C3 shows 
the spinal cord surrounded by CSF and an 
épidural ventral cyst centered on the right 
side. c This postmyelographic CT shows the 
ventral épidural cyst in the thoracic spine. 
d The extradural contrast accumulation at 
C3 suggests a dura defect at this level. 
e This intraoperative view, taken with the 
patient in the semisitting position after 
laminotomy of C2 and C3, demonstrates 
the épidural cyst on the right side opened 
in close proximity to the nerve root sleeve. 
f After paramedian dura opening, the 
arachnoid is visible and appears normal. 

(Continuation see nextpage ) 
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Fig. 5.83. (Continued) g Inspection of the dura sleeve of the nerve root on the 
right reveals the white dentate ligament, the posterior root, and an adhesion in 
the area of the dura sleeve. h With transection of this adhesion, the root can be 
gently mobilized to reveal the communication between the subarachnoid space 
and the cyst in the root sleeve (arrowhead). i The dura was closed with a running 
suture and the dura defect closed with muscle and fibrin glue epidurally. j The 
final intraoperative view shows the reinserted laminae. The postoperative T2- 
weighted sagittal (k) and axial (I, m) MRI scans show a complété collapse of the 
cyst with a normal position of the spinal cord in the cervicothoracic spine (k), 
as well as at the level of surgery (I). The patients symptoms improved andthere 
has been no récurrence for 3 years 
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Fig. 5.84. This patient suffered an accident 8 years ago with a luxation 
C2/3 and a complété tetraplegia with some residual sensory functions in his 
right arm. Within the past 2 years he experienced increasing swallowing 
problems, painful dysesthesias in the right half of his face, loss of his 
remaining sensory functions, and a feeling of pressure in his neck. The 
sagittal Tl- (a) and T2-weighted MRI scans (b, c) demonstrate the prés¬ 
ence of an épidural arachnoid cyst anterior to the spinal cord between C2 
and Th6 with an associated syrinx extending from Thl to Th9. The axial 
T2-weighted scan of the thoracic spine (d) shows the cyst encircling three- 
quarters of the durai sac anteriorly, whereas the lower cervical scan (e) 
demonstrates the profound anterior compression of the cord. f The scan at 
C2/3 shows the level of the injury, with enlarged root sleeves on both sides. 
At another institution, a hemilaminectomy C6 was performed with fenes¬ 
tration of the cyst. This operation led to a short-lived improvement followed 
by refilling of the cyst and reappearance of the facial pain. A myelogram 
performed after contrast injection at Cl led to immédiate filling of the cyst, 
suggesting a communication with the subarachnoid space at the injury level 
of C2/3. (Continuation see nextpage ) 
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Fig. 5.84. The postmyelographic CT scan in the thoracic 
spine (g) and at C7 (h) demonstrate the same features as the 
MRI scans. Due to oblitération of the subarachnoid space, no 
subarachnoid contrast was detected below C5. i At the injury 
level, the CT scan suggest a durai defect in both root sleeves. 
j This intraoperative view, taken with the patient in the semi- 
sitting position, demonstrates the situation after laminotomy 
of C2 and C3. An épidural scar indicates the level of soft-tissue 


injury, k Upon dissection of this scar, the cyst is entered on the 
left side. Localization of the dura defect required an intradural 
inspection. I After midline incision of the dura, the left C3 root 
was followed towards the foramen. Further dissection of the 
root (m) led to the site of communication right above the root 
in the durai sleeve (n). o No dura defect could be found on the 
right side. (Continuation see nextpage) 




434 5 Epidural Tumors 



Fig. 5.84. ( Continued ) p The defect on the left side was closed 
with muscle ( arrowhead ) and secured with fibrin glue intra- 
durally and extradurally (q). Additional muscle was placed on 
the right side. r, s These postoperative sagittal T2-weighted 
MRI scans show a marked réduction of the cyst size with an 


unchanged syrinx. The axial images in the thoracic spine (t), 
C7 (u), and C2/3 (v) demonstrate this postoperative resuit 
even better. The patient reported marked improvement of his 
facial pain and swallowing problems 
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Fig. 5.85. Sagittal (a) and axial (b) Tl-weighted MRI scans of 
an épidural arachnoid cyst at Th9-Thl2 in a 50-year-old man 
with a 2-year history of progressive paraparesis and pain, c The 
bone-window CT scan demonstrates thinning of the pedicles 
as a resuit of long-lasting compression, d This intraoperative 


view shows the posterior cyst wall after removal of the lami- 
nae. The cyst could be peeled off the dura (e), exposing a large 
posterior dura defect with the spinal cord herniating through 
this defect (f). (Continuation see nextpage) 




436 5 Epidural Tumors 




Fig. 5.85. ( Continuelï) g The cord could be easily mobilized 
back into the subarachnoid space and the defect was closed 
with a small patch. The postoperative sagittal T2- (h) and 
axial Tl-weighted MRI images (i) show a good décompres¬ 
sion of the spinal cord with just a little fluid collection in the 
area of the former cyst. The patient’s paraparesis and pain 
improved postoperatively, and there has been no récurrence 
for 2 years 


order to plan surgery or as an intraoperative adjunct 
to visualize the effects of surgery distant from the di¬ 
rect surgical field. Amongst other pathologies, they 
had used it for surgery on an épidural and an intradu¬ 
ral arachnoid cyst. 

To date, almost nothing but case reports hâve been 
published. Charissoux et al. [113] carried out a litera- 
ture review and found 186 published cases. Rabb et al. 
[439] described 11 children with arachnoid cysts, of 
which 2 were extradural. Krings et al. [302] reported 
seven patients with arachnoid cysts, of which five 
were extradural, and Kendall et al. [280] provided an- 
other six patients. 

Epidural arachnoid cysts may extend over a sig- 
nificant number of spinal levels (Figs. 5.83 and 5.84) 
[186], occur at multiple sites [393], and erode bony 
structures (Figs. 5.85 and 5.86) [109, 280], They may 
expand anywhere inside the spinal canal as well as to 
the extraspinal spaces [273]. Just like their intradural 
counterparts, they may be associated with syringo- 
myelia, but in a smaller percentage [255], 


We hâve seen 11 patients with épidural arachnoid 
cysts, of which 9 were operated. They presented after 
an average history of 38±45 months (range 5 months 
to 10 years) with a mean âge of 35±18 years (range 
12-67 years). The spinal distribution was evenly 
spread (Table 5.22). In five cases these cysts extended 
over a maximum of three spinal levels (Figs. 5.47 and 
5.86), while extensions over more than four levels 
were seen in the remainder (Fig. 5.83-5.85), with the 
largest one extending from C3 to Th7 with an associ¬ 
ated syrinx (Fig. 5.83). 

Clinical symptoms were caused by cord compres¬ 
sion, which may fluctuate according to the cyst pres¬ 
sure [309], Some patients expérience aggravation of 
neurological symptoms with coughing or Valsalva 
maneuvers [150]. Commonly, a slowly progressive 
myelopathy is observed. In their review, Charissoux 
et al. [113] found just 11% of patients complaining of 
back pain only. 

Pain and gait ataxia were the commonest initial 
symptoms in four patients each, while the remainder 
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Table 5.22. Spinal épidural arachnoid cysts 


1 Sex 

Age 

(years) 

Level 

History 

(months) 

Symptoms 

Surgery 

Outcome 

F 

67 

L5/S1 

6 

Hypesth., Dysesth., Motor, Pain 

Complété 

Improved 

No Rec. in 

115 months 

F 

14 

Th5-7 

12 

Gait 

Complété, 

Improved 

No Rec. in 

32 months 

F 

36 

Sl-2 

120 

Hypesth., Pain 

Complété 

Improved 

Lost to follow up 

F 

12 

Thl0-L2 

7 

Hypesth., Motor, Gait, Pain 

Complété, 

Muscle 

Improved 

Lost to follow up 

M 

50 

Th9-12 

24 

Hypesth, Motor, Gait, Pain, Sphincter 

Fenestr., 

Patch 

Improved 

No Rec. in 

18 months 

M 

30 

Th8-12 

9 

Hypesth., Motor, Gait 

Complété, 

Patch 

Unchanged 

Rec. in 8 months 

M 

18 

C4-7 

5 

Hypesth., Motor 

Complété, 

Muscle 

Unchanged 

Lost to follow up 

M 

28 

C7-Thl 

24 

Hypesth., Motor, Gait 

Complété, 

Improved 

No Rec. in 

8 months 

F 

46 

C3-Th7 

120 

Hypesth., Motor, Gait 

Fenestr., 

Muscle 

Improved 

No Rec. in 

13 months 


Abbreviation: Fenestr. = fenestration 


Fig. 5.86. Sagittal T2- (a) and Tl-weighted 
(b) MRI scans of a sacral épidural arachnoid 
cyst in a 45-year-old patient with a 6-month 
history of sphincter problems and loss of 
érection. The cyst content below S2 has a 
slightly different signal intensity compared 
to CSF. (Continuation see nextpage) 
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Fig. 5.86. The axial T2-weighted MRI (c) and bone-window 
CT images (d) show the enormous widening of the sacral 
canal, e The myelogram demonstrates no communication 
between the cyst and subarachnoid space. f This intraopera¬ 
tive view shows the opened dura at S2 and the upper pôle of 
the cyst wall. The cyst remained under full pressure despite 
opening the subarachnoid space. A membranous structure 


connected to the dura is dissected off the cyst wall to expose 
the interface between the subarachnoid space and cyst. g No 
connection between the subarachnoid space and cyst was dé¬ 
tectable. h The cyst has been opened and the wall mobilized 
off the surrounding bone and soft tissue. i This view dem¬ 
onstrates the situation after complété removal of the cyst. 
(Continuation see nextpage) 
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Fig. 5.86. ( Continued ) The dura was closed and the sacral 
space filled with muscle (j) and fibrin glue (k). The patient’s 
symptoms completely disappeared postoperatively. Unfor- 
tunately, some of the problems reappeared 8 weeks after the 
operation. The postoperative sagittal T2- (I), and Tl-weighted 
MRI scans without (m) and with contrast (n) and the axial 
scan (o) ail show no evidence of the sacral cyst 3 months after 
surgery. The residual space in the sacral canal is filled with 
granulation tissue 
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reported motor weakness and dysesthesias as the ini¬ 
tial signs. At présentation, 89% complained about 
sensory déficits, 78% about motor weakness, 67% 
about gait ataxia, 44% about pain, and 11% each about 
dysesthesias or sphincter problems. However, gait 
problems and pain were still the two major complaints 
for most of them [280]. 

Treatment requires foremost closure of the dura de- 
fect [113, 246, 286, 302, 493]. It is not necessary to ex¬ 
pose or to resect the entire cyst (Figs. 5.83 and 5.84) 
[109, 246]. In rare instances, the cord itself may herni- 
ate into this dura defect (Figs. 5.10 and 5.85) [118,256, 
307, 355, 357, 377, 406, 425], The commonest localiza- 
tion for this defect, particularly in posttraumatic cases, 
is along a root sleeve (Figs. 5.47, 5.83, and 5.84) [374]. 
The dura defect may be closed from the extradural 
side (Figs. 5.47 and 5.83) or intradurally (Fig. 5.84). 

Radiological examinations must demonstrate the 
communication adequately so that surgery can be 
planned accordingly. The defect can only rarely be 
closed with suturing. The dura around the defect is 
often thinned and hypoplastic so that sutures are 
bound to fail. A better alternative is a combination of 
muscle and fibrin glue (Figs. 5.47,5.83,5.84, and 5.86). 
In the thoracic spine, dura defects along a nerve root 
may be clipped, sacrificing the nerve root. Rarely, a 
duraplasty is required (Fig. 5.85). 

While a complété cyst resection was done only for 
small épidural cysts, the durai defect was sutured in 


two patients and closed with muscle and fibrin glue in 
three instances, and with a dura patch in two patients. 
In two instances, no communication was identified 
after removal of the cyst. 

Postoperative results after surgery hâve been favor¬ 
able [109,113,150,160,186,225,246,252,377,425,437, 
493]. The patients of this sériés were followed for up to 
10 years (mean 19±35 months). Within the first post¬ 
operative year improvements were observed for each 
preoperative symptom. However, the small number 
of patients prevented a statistically significant effect. 
The Karnofsky score did improve significantly from 
78±5 to 88±10 (p<0.05). We observed a single récur¬ 
rence after 8 months in a patient with a thoracic cyst, 
in whom the dura defect had been closed with a dura 
patch. 


5.5.1.4 

Soft-Tissue Sarcomas 

The majority of épidural soft-tissue sarcomas are mé¬ 
tastasés from other primary sites so that oncologie 
resections are not warranted. In a recent study, radio- 
therapy of metastatic soft-tissue sarcomas resulted in 
small improvements for pain and Karnofsky score, 
with a médian survival time of 5 months [369], How¬ 
ever, soft-tissue sarcomas can also evolve in the spine 
primarily and hâve been described after radiotherapy, 
for instance [23]. 


Table 5.23. Spinal soft-tissue sarcomas 


Histology 

Sex 

Age 

( Level 

History 

(months) 

Symptoms 

Surgery 

Outcome 

Fibros. 

F 

71 

L5-S3 

3 

Hypesth., Motor, Gait, Pain 

Subtotal 

Dead within 

14 months 

Rhabdomyos. 

F 

71 

Th2-9 

5 

Hypesth., Motor, Gait, Pain, 
Sphincter 

Partial 

Unchanged 

Dead within 

1 month 

Fta, 

M 

53 

L5 

4 

Hypesth., Motor, Gait, Pain 

Subtotal 

Improved 

Lost to follow up 

Lifo, 

M 

50 

Th5-6 

0.3 

Hypesth., Gait, Pain 

Complété 

Improved 

Survival 

52 months 



51 

Th5-6 

1 

Hypesth, Gait, Pain 

Complété 

Unchanged 



52 

C7 

1 

Hypesth., Dysesth., Gait 

Complété 

Improved 



52 

Th9-ll 

1 

Hypesth., Gait 

Complété 

Improved 



52 

Th3-4 

1 

Hypesth., Dysesth., Motor, Gait 

Complété 

Unchanged 



53 

Th3-4 

4 

Hypesth, Motor, Gait, Pain 

Subtotal 

Unchanged 

Abbreviations: Fibros. = 

^ fibrosarcoma, Rhabdomyos. = rhabdomyosarcoma, Lipos. = liposarcoma 
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Fig. 5.87. Sagittal Tl- (a) and T2-weighted (b) MRI scans of 
a metastasis of a fibrosarcoma at L1 in a 78-year-old woman 
with a 2-month history of severe radicular pain. Apart from 
a soft-tissue tumor in the épidural space behind the body 
of L1 there are signal changes in the vertébral body that are 
suggestive of edema. The axial Tl-weighted scans without (c) 
and with contrast (d) show an isodense tumor on the right 
side with bright contrast enhancement right in the area of the 
neuroforamen, e The intraoperative view after interlaminar 
fenestration and opening of the nerve canal on the right side 
demonstrates a fleshy-appearing tumor underneath the du¬ 
rai sac and nerve root, which was mobilized medially with a 
nerve hook. f The posterior longitudinal ligament was incised 
so that the whitish-appearing tumor tissue could be removed 
with forceps. (Continuation see nextpage) 



Fibrosarcomas are not sensitive to radio- or che- 
motherapy and can be considered as low-grade ma- 
lignancies in most instances, even though further 
métastasés and local récurrences are common [63, 
123, 212, 473], In a literature review, Chow et al. [123] 
calculated a récurrence rate of 48%, métastasés in 
60%, and a mortality rate of 35%. We encountered 
two fibrosarcomas that both developed primarily in 


the spine (Table 5.23). A 71-year-old woman presented 
with a large lumbosacral fibrosarcoma that was re- 
sected subtotally. The patient was in bad general 
health, did not receive any adjuvant therapy, and died 
14 months after surgery. The other patient was 
53 years of âge and presented a 4-month history of 
pain and an incomplète paraplegia due to a fibrosar¬ 
coma at L1 with extension into the right intervertébral 
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Fig. 5.87. {Continuai) After complété resection (g) the tumor bed was filled with Gelfoam and the nerve hook removed (h). 
Postoperatively, the patient experienced immédiate pain relief 



Fig. 5.88. a Sagittal Tl-weighted MRI with contrast of a liposarcoma at Th5-Th7 in a 50-year-old patient with a rapidly pro¬ 
gressive paraparesis. b The axial Tl-weighted image demonstrates the tremendous compression of the spinal cord 


foramen. After subtotal resection, the patient recov- 
ered and underwent local radiotherapy (Fig. 5.87). 

A similar behavior is observed with liposarcomas, 
which tend to recur along the entire spinal canal [71, 
544] and usually affect the spinal canal as secondary 
métastasés [161, 285], as in the patient of our sériés 
(Table 5.23, Fig. 5.88): 13 years prior to présentation a 
liposarcoma had been resected from the right thigh, 
with two subséquent local récurrences 11 and 16 years 
after diagnosis. Despite postoperative radiotherapy, a 
metastasis was observed at Th5/6 7 months after the 
last operation on the primary tumor leading to pain 
and gait ataxia. The tumor was completely resected 
but not radiated afterwards. A local récurrence devel- 
oped within 9 months. Again, a complété resection 
was obtained and local radiotherapy applied. Eight 


months later, two further épidural liposarcomas ap- 
peared at C 7 and Th9-Thll, and another one at Th3/4 
another 8 months later. Each time, postoperative ra¬ 
diotherapy was applied. A further récurrence at Th3/4 
was resected another 9 months later. Chemotherapy 
with adriamycin was administered after this last spi¬ 
nal operation. During this period further métastasés 
appeared in long bones of both thighs, left humérus, 
iliac bone, and sigmoid colon. With surgery and ra¬ 
diotherapy of these lésions, this patient retained his 
independency and a Karnofsky rating of 80 for the 
entire follow up period of 52 months since our first 
spinal intervention. 

On the other hand, rhabdomyosarcomas carry a 
bad prognosis [188, 444] and tend to invade the spinal 
canal through the intervertébral foramen giving the 
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appearance of a dumbbell tumor [289]. They may in- 
vade and destroy bone causing pathological fractures 
[331]. Subarachnoid seeding has also been described 
[188,195,444,463,570], In a sériés of ten patients with 
chest wall sarcomas spreading into the spinal canal, 
eight males and two females were observed at a médi¬ 
an âge of 3.5 years. Seven patients were disease free at 
latest follow up, while three patients had died [443]. 

In this sériés, a 71-year-old woman presented with 
an extensive épidural rhabdomyosarcoma at Th2-Th9 
with severe pain, a profound paraparesis, and ad- 
vanced cachexia. After incomplète resection of this 
very vascularized tumor the patient died 1 month 
later due to cardiac arrest (Table 5.23). 


5.5.1.5 
Cavernomas 

Most spinal cavernomas are to be found inside the 
spinal cord. However, cavernomas may occur any- 
where within the central nervous System [222], and 
on rare occasions hâve been described extradurally in 
the spinal canal. On MRI, they are isointense to spi¬ 
nal cord tissue on Tl-weighted images and isointense 
to CSF on T2-weighted images. They enhance with 
contrast [18, 204, 308, 416, 461, 497, 529, 579]. Ho- 
mogenous enhancement indicates absence of hemor- 
rhages (Fig. 5.89), whereas a patchy enhancement is 
related to minor bleedings (Fig. 5.90) [18, 136, 416], 
which may be localized in the épidural space (Figs. 5.5, 


5.89, and 5.90) or in the vertébral body with varying 
amounts of dura compression (Fig. 5.18) [4, 215, 222, 
317, 382], and may even extend into the extraspinal 
space [4, 29, 46, 438], 

Within our sériés, four cavernomas were observed 
in the épidural space. They presented at between 37 
and 67 years of âge after a history of 2-7 months. 
There were two lumbar cavernomas, one cervicotho- 
racic, and one thoracic cavernoma. Pain was the pre- 
dominating symptom for two of these patients, 
whereas motor weakness was the major problem in 
the other two. Ail but one had neurological symp- 
toms. Ail cavernomas were removed completely 
(Table 5.24). Postoperatively, every symptom im- 
proved, with an increase of the Karnofsky score from 
77±23 to 93±6 in the lstyear. However, due to the 
small number of patients, no statistical analysis was 
applied. No récurrences were observed for this entity, 
within a mean follow up of 65±22 months (maximum 
7.5 years). 

Aoyagi et al. [18] reported a personal case and re- 
viewed the literature on 53 further patients with ex¬ 
tradural cavernous hemangiomas. The majority were 
male (male:female ratio - 36:18) and had a mean âge 
of 47 years (5-78 years). Of the cavernomas described, 
80% were localized in the thoracic spine, with 93% 
oriented posteriorly. The typical clinical course was 
slowly progressive and somewhat different from that 
of intradural cavernomas, which tend to progress in a 
stepwise fashion related to multiple bleedings. 




Fig. 5.89. Sagittal Tl-weighted MRI scan without (a) and with tion of this cavernoma that had expanded along the nerve root 
contrast (b) of an épidural cavernoma at Thl in a 70-year-old on the left side and into the vertébral body of Thl. The homoge- 
woman. c The axial scan demonstrates the extradural localiza- neous contrast enhancement indicates no previous hemorrhage 
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Fig. 5.90. Sagittal T2- (a) and Tl-weighted MRI with contrast 
(b) of a cavernoma at L3 in a 73-year-old man with a 10-year 
history of sensory disturbances in his right leg and recent mo- 
tor weakness and pain, c The axial image shows a contrast-en- 
hanced, inhomogeneous lésion similar to a synovial cyst (see 
also Fig. 5.79). d The intraoperative image after interlaminar 
fenestration L3/4 on the right side demonstrates a dark vas- 


cular structure adhèrent to the dura surrounded by reactive 
soft tissue. e With coagulation and stepwise removal, differ¬ 
ent compartments of this lésion are encountered as a resuit of 
repeated minor hemorrhages. f This photograph shows the last 
part of the cavernoma adhèrent to the dura, g This final view 
shows the normal-appearing dura after complété resection. 
Postoperatively, neurological symptoms and pain improved 
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Table 5.24. Spinal épidural cavernomas 


1 Sex 

Age 

(years) 

Level 

History Symptoms 

(months) 

Surgery 

Outcome 

F 

67 

L4/5 

5 Hypesth., Motor, Gait, Pain 

Complété 

Improved 

Lost to follow up 

M 

46 

Th6-8 

7 Hypesth., Dysesth., Motor, Gait, Sphincter 

Complété 

Improved 

No Rec. in 

87 months 

F 

46 

C4-Th6 

6 Hypesth., Motor, Gait, Pain 

Complété 

Improved 

No Rec. in 

43 months 

M 

37 

L4 

2 Pain 

Complété 

Unchanged 

No Rec. in 

64 months 


Guthkelch [215] described nine patients with épi¬ 
dural hemangiomas, four of which extended from a 
vertébral body into the épidural space, while the re- 
maining five did not involve the bone. Ail but one pa¬ 
tient presented with pain of several months duration. 
In one case, symptoms were precipitated by pregnan- 
cy. 

Graziani et al. [204] described seven patients with 
neurological symptoms related to extradural caver¬ 
nomas. Two patients demonstrated épidural hemato- 
mas, indicating that major hemorrhages may occur 
with this entity. Postoperative results were excellent. 

Talacchi et al. [529] described five patients with 
épidural cavernomas. They emphasized that hemor¬ 
rhages are less frequent with this localization com- 
pared to intramedullary cavernomas, for instance. 
Radical removal was achieved with good postopera¬ 
tive results. 

Padovani et al. [417] reported five such lésions, of 
which three were located inside the vertébral body 
and two in the épidural space. One épidural caverno- 
ma was resected completely, while the remainder were 
removed subtotally and radiated postoperatively. 
Zevgaridis et al. [579] contributed further three pa¬ 
tients with good recovery after complété resections of 
their lésions, two of which had extended into a neuro¬ 
foramen. 

Hillman and Bynke [236] reported another five pa¬ 
tients who presented with historiés of repeated hem¬ 
orrhages leading to neurological symptoms in four 
patients and just one patient with a slowly progressive 
course. One cavernoma extended into the thoracic 
cavity and was adhèrent to the pleura. Ail but one cav¬ 
ernoma was resected completely, with good neuro¬ 
logical recovery in three patients. 


5.5.1.6 
Hamartomas 

The overwhelming majority of spinal hamartomas 
occur intradurally. They may protrude through 
the dura into the épidural space. Purely extra¬ 
dural hamartomas of the spinal canal are rare. To 
be distinguished are patients with épidural lipomato- 
sis [11], which is often related to corticosteroid thera- 

py- 

We hâve removed one extradural lipoma among 
our sériés of 329 extradural tumors. A 52-year-old 
patient complained about thoracic pain and dyses- 
thesias due to an épidural lipoma between the 6th 
and 9th thoracic vertebra. With complété resection 
of the lipoma and reinsertion of the laminae, symp¬ 
toms improved postoperatively. 

5.5.1.7 

Angiolipomas 

Angiolipomas are rarely reported in the spinal canal. 
Most of them occur in the trunk and limbs. Two case 
reports described spinal angiolipomas in the thoracic 
spine [305,421], In both instances, metastatic disease 
had been suspected and the correct diagnosis was 
made histologically. Postoperative results hâve been 
excellent in these two patients. 

The 61-year-old patient of our sériés presented 
with a 1-year history of a progressive paraparesis, 
rendering her unable to walk by the time of présenta¬ 
tion. The vascularized tumor at Th6 was completely 
removed and the patient recovered walking within 
3 months (Fig. 5.91). 
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Fig. 5.91. a Sagittal Tl-weighted MRI scan of an angiolipoma at C5-C7 in a 67-year- 
old woman presenting with an acute tetraparesis related to an épidural hemorrhage. 
The axial image without (b) and with contrast (c) demonstrates a contrast-enhancing 
lésion on the right side. d The CT without contrast shows the épidural hemorrhage. 
e This intraoperative view after laminectomy at C5-C7, taken with the patient in the 
semisitting position, demonstrates a hematoma on the right side. The tumor was 
embedded in the hematoma and removed completely. (Continuation see nextpage) 
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Fig. 5.91. ( Continued ) The postoperative sagittal (f) and axial (g) MRI scans show the complété resection of this tumor. Post- 
operatively, the patient made an incomplète recovery 



Fig. 5.92. These native (a) and bone-window CT images (b) 
demonstrate an épidural tumor at C6-C7 in a 48-year-old pa¬ 
tient with a 1-month history of dysesthesias, radicular neuro- 
logical déficits, and pain. The tumor is isodense and erodes 
the vertébral body. The quite vascular tumor was removed 


completely and diagnosed as a hemangiopericytoma. Postop- 
eratively, no neurological improvements were noted except for 
the sensory déficits. The patient received no postoperative ra- 
diotherapy and has been free of récurrence for 3 years 


5.5.1.8 

Hemangiopericytomas 

Hemangiopericytomas - formerly known as angio- 
blastic meningiomas - are highly vascularized tumors 
that may occur in the spinal canal primarily or as mé¬ 
tastasés from intracranial tumors [16, 306, 400, 468, 
484], Spinal hemangiopericytomas may be localized 
in the vertébral body or be more commonly attached 
to the méningés [325], One patient was described pre- 


senting with a Pancoast tumor that turned out to be a 
hemangiopericytoma [122], 

The radiological features are indistinguishable 
from other neoplastic pathologies. They brightly en- 
hance with gadolinium on MRI. Due to their vascu- 
larization, preoperative embolization may be helpful 
[124, 387, 390], 

In a study on 94 hemangiopericytomas of the en- 
tire nervous System, Mena et al. [367] determined me- 
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Fig. 5.93. Sagittal T2- (a) and Tl-weighted MRI contrast- 
enhanced scans (b) of a lésion at ThlO-Thll in a 55-year-old 
man with a 3-month history of pain and dysesthesias. On T2, 
the tumor appears like a cyst with an isodense center and a 
hypodense capsule. On Tl, the capsule enhances contrast and 
there is no sharp démarcation towards the surrounding tis- 


sue. The axial Tl-weighted images without (c) and with con¬ 
trast (d) demonstrate the tumor with a hypodense center in 
the neuroforamen on the left side. Native (e) and bone-win- 
dow CT images (f) display calcifications but no reactive bone 
changes. (Continuation see nextpage) 
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Fig. 5.93. ( Continued ) g This intraoperative view, taken 
after hémilaminectomies at ThlO and Thll, show a normal- 
appearing dura with no evidence of tumor tissue. h Intra¬ 
dural inspection demonstrates vascular injections on the 
inner layer of the dura, i With incision of the dura on the 
épidural side, calcified and brittle material could be delivered. 
j After suturing the dura and complété resection of the lésion, 
the épidural resection area was covered with fibrin tissue for 
hemostasis. k The postoperative CT scan shows the amount 
of bony removal required and no evidence of residual tumor. 
The histological diagnosis was a calcified pseudotumor. 

The patient’s symptoms improved postoperatively 


tastases at a rate of 23.4%. Hemangiopericytomas are 
prone to local récurrences regardless of their localiza- 
tion [56], Therefore, en bloc resection should be con- 
sidered where possible [56] and most authors regard 
postoperative radiotherapy as essential [9, 75, 124, 
209, 221, 367, 387], whereas the rôle of chemotherapy 
is not fully established. However, after complété re¬ 
sections, long disease-free intervals hâve also been 
reported without postoperative radiotherapy [247, 
325]. 

In the patient of this study, a 48-year-old man pre- 
sented with a 3-week history of dysesthesias, pain, 
and slight motor weakness of the right arm due to an 
extradural tumor in the neuroforamen of C6/7 ex- 


tending into the vertébral body of C7 (Fig. 5.92). After 
complété resection of the tumor no radiotherapy was 
administered. The patient s symptoms improved with 
no evidence of a récurrence for 3 years. 


5.5.1.9 

Calcified Pseudotumors 

This entity is a rare space-occupying lésion of the mé¬ 
ningés that is characterized by an infiltrate of histio¬ 
cytes, plasma cells, and lymphocytes. Two case re¬ 
ports described thoracic lésions that had led to 
myelopathy [153, 375], The etiology is unclear. It has 
been speculated that they resemble plasma cell granu- 
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lomas or an immune response related to a meningio- 
ma [375]. The 55-year-old patient in this sériés har- 
bored this lésion at the level of ThlO/11 and presented 
with radicular pain and dysesthesias of 3 months du¬ 
ration. The process was located between both dura 
layers and resected completely (Fig. 5.93). Postopera- 
tively, symptoms recovered. 

5.5.2 

Bone Tumors 


5.5.2.1 

Métastasés 

At autopsy, up to 70% of cancer patients demonstrate 
spinal métastasés [294, 426, 427]. However, it is esti- 
mated that only 5-10% of them actually cause symp¬ 
toms [261, 426, 427], However, once local tenderness 
and pain occur, up to 80% will develop neurological 
déficits within 2 months [230]. In the United States, 
12,700 patients are compromised by metastatic spinal 
cord compression each year [3]. The commonest pri- 
mary sites are breast, lung, and prostate, which ac- 
count for about 50% of the total [6, 27, 263, 294], Al- 
most every metastasis produces severe local pain at 
the beginning of spinal manifestation [27, 28, 37, 70, 
74, 220, 347,426, 427, 506, 520], Especially in patients 
with known cancerous disease, local pain should lead 
to an immédiate examination of the affected spinal 
area. In a study of 317 consecutive patients with back 
pain and a history of cancer, spinal imaging detected 
métastasés in 157 patients [578], Even though MRI 
has proven to be particularly valuable in establishing 
the diagnosis and possible extension of the metastasis 
into neighboring soft tissues [127] and is considered 
as sensitive and more spécifie than scintigraphy [541], 
conventional plain X-rays will already show the me¬ 
tastasis in a significant number of cases (Figs. 5.39, 
5.50, and 5.57) [426, 436], 

The treatment of patients with spinal métastasés 
has been, and still is, discussed quite controversially. 
A considérable number of studies recommend radio- 
therapy for this group of patients and reserve surgery 
for patients with unknown primary tumor, failed ra- 
diotherapy, or spinal instability. They claim that sur¬ 
gery followed by radiotherapy does not offer any ad- 
ditional benefit compared to radiotherapy alone [74, 
166, 171, 198, 203, 266, 288, 347-350, 354, 412, 427, 
577]. Even prophylactic radiation of the spine has 
been advocated [30], Radiotherapy studies report av¬ 
erage survival times of 2.3 months [28], 3.6 months 
[288], 5 months [577], 6 months [347], and 7 months 


[348], or give percentages of 30% [28, 198] or 45% of 
cases [277] surviving 1 year. The study by Katagiri et 
al. [277] distinguished between responders and non- 
responders of radiotherapy with corresponding 1- 
year survival rates of 76% and 16%, respectively. Zai- 
dat and Ruff [578] reported results of 139 patients 
undergoing radiotherapy and distinguished between 
ambulatory and nonambulatory patients. The former 
lived for an average period of 104 months while the 
latter had a mean survival of just 6 weeks after treat¬ 
ment. Maranzano et al. [349] gave an overall figure of 
55% surviving 1 year for a sériés of 61 patients; how¬ 
ever, they excluded five early fatalities from their 
analysis. In a final paper, 255 patients received radio¬ 
therapy alone; 25 early deaths were taken out of the 
analysis and a survival rate of 28% for 1 year was re¬ 
ported [347]. From our point of view, such early fa¬ 
talities can not be eliminated from such an analysis. 
Including them would lead to considerably lower sur¬ 
vival rates. 

Studies claiming that surgery does not offer an ad- 
ditional benefit except for selected cases refer to an 
outdated surgical concept of pure posterior décom¬ 
pression by laminectomy. As most spinal métastasés 
originate in the vertébral body, a posterior approach 
may be sufficient to decompress the durai sac. How¬ 
ever, the anterior tumor is not addressed and com- 
bined with disruption of posterior spinal éléments, 
there is a considérable risk for postoperative kyphosis, 
instability, and cord compression. Sherman and Wad- 
dell [492] compared 111 patients treated with a pure 
laminectomy to 23 patients with posterior décom¬ 
pression and fusion. Both groups of patients were 
similar in terms of preoperative status. Patients un¬ 
dergoing additional fixation had better ambulatory 
status, pain control, and sphincter function. Addi¬ 
tional radiotherapy had no significant influence on 
these differing outcomes. 

Surgery for spinal métastasés has changed consid¬ 
erably in recent years, with a better understanding of 
spinal biomechanics and introduction of new recon¬ 
structive and stabilization techniques. Several authors 
[27, 28, 196, 312, 500, 512, 518, 520, 561] concluded 
that surgery followed by radiotherapy gives superior 
results compared to radiotherapy alone in terms of 
neurological outcome and survival. Furthermore, the 
rate of complications was found to be higher if sur¬ 
gery was employed as the second line of treatment. 
Sundaresan et al. [512, 520] emphasized the high rate 
of complications and a considerably shorter survival 
for patients who were operated after they had received 
radiotherapy compared to those who first underwent 
surgery. Ghogawala et al. [196] reported a complica- 
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tion rate of 32% for patients undergoing surgery after 
radiotherapy as compared to 12% for those operated 
primarily. In terms of functional outcomes, this study 
found a higher percentage of patients keeping their 
self ambulatory status in the surgical as compared to 
the radiotherapy group for 30 days (75% and 50%, re- 
spectively). In another recent study, patients were 
randomized to either undergo decompressive surgery 
and stabilization followed by radiotherapy or radio¬ 
therapy alone. The trial had to be stopped after 101 
patients because an intérim analysis at midpoint al- 
ready demonstrated significant functional advantages 
for surgically treated patients. A higher percentage of 
patients undergoing surgery regained the ability to 
walk (56% and 19%, respectively), retained walking 
ability longer (126 and 35 days, respectively), required 
less analgésies, and maintained continence and func¬ 
tional grades longer compared to radiated patients. 
Survival times, however, were equal in both treatment 
groups [447]. 

It is obvious that treatment for a systemic, malig- 
nant disease has to be tailored individually to each 
patient [90, 95]. A wide spectrum of surgical options 
for spinal métastasés exist: for posteriorly located mé¬ 
tastasés a purely posterior approach and tumor re- 
moval is sufficient and no additional measures for 
stabilization are generally required (Fig. 5.48). For the 
great majority, however, the major problems are ante- 
rior compression of the spinal cord and either immi¬ 
nent or already présent instability of the affected spi¬ 
nal segment. Almost always, décompression of the 
spinal cord in these settings has to be combined with 
stabilization techniques, which also hâve to involve 
some form of vertébral augmentation or reconstruc¬ 
tion in the majority of patients. This may be done 
purely from the anterior approach - if posterior élé¬ 
ments are intact - (Figs. 5.50, 5.53, and 5.58) or purely 
from the posterior approach, using either cages 
(Fig. 5.52), PMMA (Figs. 5.94 and 5.95), or intraoper¬ 
ative vertebroplasty (Figs. 5.59 and 5.96) for anterior 
support. In spécifie settings, such as the cervicotho- 
racic (Figs. 5.60 and 5.97) and thoracolumbar région 
(Fig. 5.54), a combined anterior and posterior ap¬ 
proach may be required to provide sufficient stability 
for patients with a comparably good prognosis. 

Even en bloc resection of entire vertebrae with re¬ 
construction and fusion using combined approaches 
as the maximal procedure are advocated by some au- 
thors [536, 573]. It seems that surgery for spinal mé¬ 
tastasés has gone from one extreme - just a laminec- 
tomy for décompression - to the other, with studies 
even suggesting cure of the metastatic disease with 
aggressive surgical regimens [573], In the same arti¬ 


cle, however, long-term results are equal to more con¬ 
servative strategies, with 15-20% of patients in good 
preoperative condition surviving 5 years [573]. With 
more than 80% dying of the disease during follow up, 
we suggest refraining from such terms as “cure” or 
“radical resections” when dealing with spinal métas¬ 
tasés, which always represent a disseminated disease 
process. We are treating patients who suffer a system¬ 
ic and consuming disease that will finally be fatal. 
Treatment of a particular local problem will hardly 
ever change the patient’s life expectancy. 

Further alternatives, which hâve been introduced 
recently, incorporate minimally invasive techniques 
such as endoscopie approaches [66] or the injection of 
bone cernent into cancerous vertebrae (i.e., vertebro¬ 
plasty) [36, 177, 262, 356, 433], Using inflatable bal- 
loons, even a restoration of vertébral body height, a 
so-called kyphoplasty, can be achieved [189], These 
modalities are associated with a complication rate of 
around 10% [433] and are suitable for patients with 
severe pain but no instability, who are poor candi¬ 
dates for surgery. Jang and Lee [262] used a combina¬ 
tion of vertebroplasty and radiotherapy for osteolytic 
spinal métastasés. Ail 28 patients showed evidence of 
vertébral body collapse or movement-induced local 
pain but no neurological symptoms. Follow up ranged 
from 3 to 15 months, with good pain relief and no pa¬ 
tient developing further instability. 

Some authors hâve tried to provide criteria to se¬ 
lect the right therapy regimen for a particular patient 
with a spinal metastasis. The aforementioned grading 
of Enneking [157] and the scoring Systems of Toku¬ 
hashi et al. [534] and Tomita et al. [538] offer classifi¬ 
cations that can be transformed into particular treat¬ 
ment schemes. Tomita et al. [538] differentiate 
between slowly, moderately, and rapidly growing mé¬ 
tastasés and consider the presence of viscéral and 
multiple bone métastasés to détermine a score, which 
translates into treatment goals of long-term local con- 
trol (requiring a wide or marginal excision), middle- 
term local control (requiring marginal or intralesion- 
al excision), or short-term palliation with palliative 
surgery or terminal care. A sériés of 61 patients who 
were stratified in this manner has been reported. 
Twenty-eight patients were treated with wide or mar¬ 
ginal excisions, with a mean survival of 38.2 months 
and 26 patients achieving local control. Thirteen pa¬ 
tients underwent intralesional surgery and survived 
an average period of 21.5 months, with 9 successful 
local Controls. Eleven patients underwent palliative 
surgery, with a mean survival of 10.1 months and 8 
successful local Controls. Nine patients treated with 
supportive care had a mean survival of 5.3 months. 
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Fig. 5.94. Sagittal T2- (a) and Tl-weighted (b) MRI scans of 
a metastasis of a bronchial carcinoma at C7/Thl in a 76-year- 
old patient with a history of back pain and rapidly progressive 
paraparesis. The entire vertebra is affected, with a satellite in 
Th2 and a subluxation C7/Thl. c The axial Tl-weighted, 
contrast-enhanced image demonstrates the tumor extension 
inside the vertebra and into the soft tissues, particularly on 
the left. The native (d) and bone-window CT images (e) 
provide additional information, as the amount of bony 
destruction is much better appreciated with this modality. 

(Continuation see nextpagë) 
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Fig. 5.94. ( Continued ) f The sagittal reconstruction dem- 
onstrates the C7/Thl luxation with narrowing of the spinal 
canal, g This intraoperative view shows the situation after 
laminectomy C7 and transpedicular resection of part of the 
vertébral body at C7 from the left side after some latéral mass 
screws in the cervical and transpedicular screws in the tho- 
racic spine had already been placed. h The final intraopera- 


Combining ail surgically treated patients, 74% experi- 
enced postoperative neurological improvement. How- 
ever, as the rates of local control are similar among ail 
subgroups, these data also show that local control is 
not primarily related to the amount of resection, but 
to the biological behavior of the particular cancer. 

Tokuhashi et al. [534] considered the patient’s gen¬ 
eral condition, the number of extraspinal bone mé¬ 
tastasés, the extent of vertébral involvement, the prés¬ 
ence of épidural or paravertebral extension, the 
number of spinal métastasés, the number of métasta¬ 
sés to other organs, the primary site, and the severity 
of neurological compromise to calculate a score. This 
score allowed prédiction of the prognosis of the pa¬ 


tive photograph demonstrates the posterior fixation between 
C4 and Th3 after filling the vertébral defect with PMMA. The 
postoperative anterior-posterior X-ray (i) shows the position 
of the screws and the PMMA, while the latéral view (j) indi- 
cates a reasonable realignment at the cervicothoracic junction. 
The patient experienced a remarkable neurological recovery 


tient. Based on this score, the authors selected 64 pa¬ 
tients to either undergo excisional or palliative opera¬ 
tions. 

It was the general policy in our sériés to offer sur- 
gery as primary treatment if neurological déficits or 
spinal instabilities were présent, or the primary tu- 
mor was not known, provided the general health sta¬ 
tus allowed surgery. Furthermore, surgery was indi- 
cated after radio- or chemotherapy had failed to 
control a metastasis. On the other hand, radiotherapy, 
or chemotherapy if applicable, were recommended 
for patients in bad health condition and for patients 
without neurological déficits or instabilities. No sur¬ 
gery was undertaken in cases where there was com- 
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Fig. 5.95. Sagittal (a) and axial (b) T2-weighted MRI images 
of a melanoma metastasis at Th6 and a satellite lésion at C7 
in a 65-year-old woman with a 6-month history of slight gait 
ataxia and pain. Radiotherapy had not been effective to 
control the clinical situation with aggravation of the para- 
paresis most likely related to spinal instability as well as cord 
compression. The lésion affects mainly the left posterior 
segment of the vertebra. c This is emphasized by the bone- 
window CT scan, which demonstrates an osteolysis in this 
area (see also Fig. 5.39). d This intraoperative view, taken 
after proximal costotransversectomy on the left side, demon¬ 
strates the operative approach in this case, e After removal 
of part of the hemilamina, the black tumor is visible. 

(Continuation see nextpage) 
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Fig. 5.95. ( Continued ) After subtotal resection of the tumor and the bone-window CT image (i) show the correct position 
(f), the defect is filled with PMMA and a transpedicular fixa- of the implants with reconstruction of the sagittal profile. The 
tion Th4-Th8 is in place (g). The postoperative latéral (h) X-ray patient’s ataxia and pain improved considerably after surgery 


Fig. 5.96. Anterior-posterior (a) and 
latéral X-ray (b) of a hypernephroma 
metastasis at Thll in a 68-year-old woman 
with a short history of pain and sphincter 
disturbances. These pictures demonstrate 
an osteolytic lésion predominantly 
affecting the posterior half of the vertebra, 
with destruction of cortical bone and 
infiltration of both pedicles ( arrowheads ). 

(Continuation see nextpage ) 
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Fig. 5.96. The sagittal T2- (c) and Tl-weighted (d) MRI scans demonstrates the osteolytic changes predominating in the 

demonstrate compression of the dura anteriorly. e An axial right pedicle. This highly vascularized metastasis (g) was em- 

Tl-weighted scan showing an intraspinal soft-tissue compo- bolized preoperatively (h). (Continuation see nextpage) 
nent almost encircling the dura, f The bone-window CT scan 
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Fig. 5.96. (Continued) The patient un- 
derwent a laminectomy for removal of 
intraspinal tumor combined with intra¬ 
operative vertebroplasty and posterior 
transpedicular stabilization at ThlO- 
Thl2, as demonstrated on the bone- 
window CT scan (i), anterior-posterior 
image (j), and latéral (k) X-ray. Post- 
operatively, pain improved, but 
sphincter problems persisted 




Fig. 5.97. Sagittal Tl-weighted MRI scans without (a) and with contrast (b) of a hypernephi 
old patient with a 3-month history of pain. (Continuation see next page) 


metastasis at C7 in a 79-year- 
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Fig. 5.97. (Continued) There is a slight narrowing of the 
spinal canal anteriorly with no involvement of the posterior 
éléments, c, d These axial MRI images show prédominant in¬ 
volvement of the anterior right part of the vertebra. The native 
(e) and bone-window (f) CT scans show the degree of bony 
destruction. The patient underwent anterior tumor removal, 
vertébral reconstruction with a cage, anterior plating, and 


posterior tumor resection and fusion of C5-Th3. g This post- 
operative CT shows the reconstruction and anterior plating, 
while the anterior-posterior (h) and latéral X-rays (i) demon- 
strate a good sagittal profile of the cervicothoracic junction 
and position of the implants. The patient reported marked 
pain relief after these two operations 
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plete paraplegia for more than 24 h [261]. The type of 
surgery was chosen according to the patient’s general 
health status, urgency of required treatment, onco- 
logical status, response to adjuvant therapy, extent 
and localization of the lésion, and biomechanical re- 
quirements. 

We encountered 19 cervical, 83 thoracic, 38 lum- 
bar, and 4 sacral métastasés; 80% of métastasés were 
located predominantly anterior to the spinal cord in 
the vertébral bodies, while 10% each were situated lat- 
erally or posteriorly. In total, 45% fulfilled the criteria 
of spinal instability before surgery. Ninety-two pa¬ 
tients were operated under emergency conditions, 
while 52 patients underwent elective tumor removals. 
For 24% of patients, the primary tumor was not known 
at the time of surgery. Table 5.25 gives an overview of 
the primary tumors encountered in our sériés. 

The preoperative Karnofsky score for ail patients 
with spinal métastasés was 52±19, indicating that the 
majority of patients were not ambulatory. They pre- 
sented at an average âge of 62±12 years after a history 
of 4±5 months (maximum 3 years). The first symp- 
tom noted by 80% of patients was local pain at the af- 
fected spinal level. For 12%, gait ataxia was the first 
sign of spinal metastasis. Other complaints were rare- 
ly mentioned as the first symptom (Table 5.26). At 
présentation, this situation had shifted. Only 39% still 
considered pain as the major problem, while 54% were 
affected mainly by gait problems and 5% by motor 
weakness. In ail, 97% reported local pain, 78% sensory 
déficits, 73% motor weakness, 68% walking difficul¬ 
tés, 45% sphincter dysfunction, and 13% complained 
about dysesthesias (Table 5.27). Seventy-one patients 
were unable to walk, 11 of them with a severe parapa- 
resis (i.e., minimal muscle innervation but no contrac¬ 
tion), while 18 patients were paraplégie. Thirty-four 
patients were incontinent for urine prior to surgery 
and 66 patients suffered from severe pain that was in- 
capacitating despite analgésie médication. Thirty-one 
patients had been treated with radiotherapy, chemo- 
therapy, or both before they underwent surgery. 

Analyzing clinical présentations further, two 
groups could be differentiated: patients undergoing 
elective surgery (52 patients) and patients admitted as 
emergencies (92 patients). Their clinical courses dif- 
fered markedly. Patients presenting as emergencies 
showed a shorter clinical history (3±6 compared to 
5±4 months, respectively; p=0.0462), were older 
(59±11 and 63±13 years, respectively; p=0.0157), and 
were less effected by pain but demonstrated more se¬ 
vere neurological déficits (Tables 5.26 and 5.27). Sev- 
enty-eight of them were not walking (8% in the elec¬ 
tive group; chi square test: p<0.0001) and 36% were 


Table 5.25. Histologies of spinal métastasés 


Histology 


Lung 23 

Prostate 22 

Breast 22 

Rénal 18 

Thyroid 10 

Gastrointestinal tract 8 

Urothelium 3 

Melanoma 1 

Seminoma 1 

Pleuramesothelioma 1 


Unknown primary tumor 35 


Table 5.26. Initial symptoms of spinal métastasés 



surgery 

icy Total 

Pain 94% 

73% 

80% 

Gait ataxia 

18% 

12% 

Motor weakness 2% 

6% 

4% 

Sensory déficits 

2% 

1% 

Dysesthesias 4% 

- 

1% 

Sphincter problems 

1% 

1% 

Chi square test: p= 0.005 




Table 5.27. Symptoms for spinal métastasés a 

t présentation 

Symptom 

Elective 

surgery 

surgery 

cy Total 

Pain 

98% 

97% 

97% 

Gait ataxia 

31% 

88% 

68% 

Motor weakness 

46% 

87% 

73% 

Sensory déficits 

56% 

90% 

78% 

Dysesthesias 

15% 

12% 

13% 

Sphincter problems 

8% 

66% 

45% 


incontinent for urine (6% in the elective group; chi 
square test: p<0.0001). Consequently, their preopera¬ 
tive mean Karnofsky score was significantly lower 
(43±12 compared to 69±16;p<0.0001). However, there 
was no différence in the rate of spinal instabilités be- 
tween these two groups (44% and 45% for elective and 
emergency operations, respectively). 
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In other words, the more dramatic course of emer- 
gency patients is not predominantly related to spinal 
instability, but can be attributed to a more aggressive 
cancerous disease and worse general health condition 
of the patient. Patients with elective surgeries were 
more likely to harbor kidney, breast, or thyroid can¬ 
cers, whereas in emergency patients the underlying 
tumor was more often located in the prostate and gas¬ 
trointestinal tract, or was not known (chi square test: 
p=0.0132). Lung cancers were evenly distributed in 
both groups. In the elective group, 87% of the métas¬ 
tasés were restricted to one vertebra compared to 46% 
in the emergency group (chi square test: p<0.0001), 
were more commonly confined to the vertebra with- 
out soft-tissue involvement (44% compared to 21%; 
chi square test: p=0.0035), and multiple spinal lésions 
were less likely (6% compared to 22%, respectively; 
chi square test: p=0.0096). However, the number of 
extraspinal métastasés was similar in both groups. 

Except for 30 patients, ail métastasés (i.e., 79%) 
were operated via a posterior or postérolatéral ap- 
proach. Nineteen patients were operated from an 
anterior approach only (13%), while 11 patients (8%) 
underwent a combined approach with anterior tumor 
removal and vertébral reconstruction and additional 
posterior tumor removal and fusion. 

Management differed between elective and emer¬ 
gency operations. For elective operations, 63% were 
operated from posterior approaches compared to 88% 
in emergency situations (chi square test: p<0.0001) 
(Table 5.28). A similar policy has been described by 
Jansson and Bauer [263]. 

A reconstruction of the vertébral body was per- 
formed in 49 patients: PMMA as a block or in form of 
a vertebroplasty was employed in 32 instances. Bone 
was used for reconstruction in 11 patients, and titani¬ 
um and carbon cages in 6 patients. Posterior fusion 
with pedicle screw fixation or anterior screw fixation 
and plating was used in 48 patients and combined with 
vertébral body reconstruction in 45 patients. Autolo- 
gous bone was used for patients with a long survival 
prognosis, and artificial implants for the remainder. 

Again, elective surgeries incorporated vertébral re¬ 
construction and fusion significantly more often than 
emergency operations (chi square test: p<0.0001). The 
rate of complété resection was 71% in elective opera¬ 
tions compared to 24% for emergencies (chi square 
test: pcO.OOOl). Overall, complété resections were 
achieved for 41% of métastasés, while 52% were re- 
moved partially and 7% were decompressed (Ta¬ 
ble 5.28). Anterior vertébral tumors with soft-tissue 
extensions were those most likely to be resected in- 
completely. 


Table 5.28. Surgical management of spinal métastasés 


H 

Total 

Posterior 

n 

33 

81 

114 


% 

63% 

88% 

79% 

Anterior 

n 

16 

3 

19 


% 

31% 

3% 

13% 

Combined 

n 

3 

8 

11 


% 

6% 

9% 

8% 

Stability 





Stable 

n 

29 

51 

80 


% 

56% 

55% 

56% 

Unstable 

n 

23 

41 

64 


% 

44% 

45% 

44% 

Fusion 

n 

32 

16 

48 


% 

62% 

17% 

33% 

No Fusion 

n 

20 

76 

96 


% 

38% 

83% 

67% 

Resection 





Complété 

n 

37 

22 

59 


% 

71% 

24% 

41% 

Subtotal 

n 

10 

65 

75 


% 

19% 

71% 

52% 

Decompres- 

n 

5 

5 

10 

sion/biopsy 

% 

10% 

5% 

7% 

Vertébral reconstruction 



PMMA 

n 

20 

12 

32 


% 

38% 

13% 

22% 

Bone 

n 

9 

2 

11 


% 

17% 

2% 

8% 

Cage 

n 

5 

1 

6 


% 

10% 

1% 

4% 


There was a trend toward lower complication rates 
in elective operations compared to emergencies, but 
this was not significant (12% and 20%, respectively). 
Sundaresan et al. [520] observed complications in 
15% of de-novo-operated patients, compared to 40% 
for patients with preoperative radiotherapy. We did 
not observe such a différence [558]. Overall, compli¬ 
cations were encountered in 17% of operations (Ta¬ 
ble 5.29) [65,263, 555, 558, 562], In a study comparing 
anterior and postérolatéral approaches to the thoracic 
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Table 5.29. Complications for patients with spinal metasta- 


1 Type 

Elective 

surgery 

Emergenc 

surgery 

Total 1 

Wound infection 

i 

8 

9 

CSFleak 

i 

- 

1 

Hemorrhage 

2 

2 

4 

Instability 

- 

3 

3 

Intercostal neuralgia 

- 

1 

1 

Mandibular dislocation 

1 

- 

1 

Deep vein thrombosis 

- 

1 

1 

Pulmonary embolism 

- 

1 

1 

Myocardial infarction 

- 

1 

1 

Urinary tract infection 

- 

1 

1 

Septicemia 

1 

- 

1 

Total n 

6 

18 

24 

% 

12% 

20% 

17% 


spine, similar complication rates of 38.8% and 37.9%, 
respectively, were observed for both approaches [564]. 
Holman et al. [239] gave a complication rate of 32% 
for lumbar métastasés. 

Overall, surgical mortality within 30 days of sur- 
gery was 14% (elective surgeries 6% and emergency 
operations 18%; log-rank test: not significant) [62], 
Jansson and Bauer [263] observed a mortality figure 
of 13% among 282 operated patients. Patients with in- 
dependent ambulation preoperatively demonstrated 
no surgical mortality, compared to 21% for dépendent 
patients (log-rank test: p=0.0065). The average fol- 
low-up period was 7±15 months (maximum 9 years 
and 2 months). In a sériés of 96 patients, Vrionis and 
Small [555] reported a surgical mortality of 4.1%; in 
another sériés on 76 patients, a figure of 7% was given 
[562], 

In the literature, improvement of neurological 
function has been observed for 50-85% of patients af- 
ter surgery [5, 8, 28, 35, 42, 59, 62, 65, 101, 116, 169, 
196, 199, 229, 231, 239, 240, 263, 290, 299, 312, 313, 
351, 380, 401, 455, 456, 470, 496, 506, 511, 519, 520, 
530, 534, 536, 558, 562, 563] and for between 33% and 
75% after radiotherapy [74, 171, 266, 347, 348, 440, 
577, 578]. 

For analysis of clinical results in our sériés, a mul- 
tivariate analysis was performed. With respect to fac¬ 
tors prédictive of a high postoperative Karnofsky 
score 3 months after surgery, the preoperative Kar¬ 
nofsky score was by far the strongest [196], Other less 
important independent factors were posterior local- 


Table 5.30. Multivariate analysis for prédiction of a high 
postoperative Karnofsky score for patients with spinal metas- 



High preoperative Karnofsky score 0.8086 

Posterior localization 0.2793 

Spinal fusion 0.2614 

First surgery 0.1619 

Complété resection 0.1379 

Corrélation: r=0.7618,p<0.0001 


ization of the tumor, spinal fusion, first surgery on a 
tumor, and complété resection (p<0.0001; Table 5.30). 
The number of affected vertebrae, the presence of ex¬ 
traspinal métastasés or elective vs. emergency opera¬ 
tions were not significant independent factors for 
clinical outcome. In other words, for any given preop¬ 
erative status, the type of surgical management déter¬ 
mines clinical outcome and requires the resection of 
as much tumor as possible and to treat spinal instabil- 
ity! Treatment of spinal instability and achieving a 
complété resection do hâve a favorable impact on 
postoperative clinical outcome for patients with spi¬ 
nal métastasés, but the major déterminant is still the 
preoperative status. This finding is consistent with 
almost every sériés on spinal métastasés, irrespective 
of treatment modality [8, 27, 28, 62, 65, 74, 90, 116, 
128, 171, 198, 199, 203, 229, 239, 240, 261, 263, 288, 
290, 294, 299, 312, 313, 347, 349, 354, 380, 401, 470, 
506, 534, 549, 555, 558, 562, 577, 578], 

In a radiotherapeutic sériés of 96 patients with 
neurological déficits due to spinal metastasis, ambu- 
latory status was regained in 89% if radiotherapy was 
instituted in patients with a neurological history of at 
least 14 days, whereas just 12% improved with a short- 
er history of neurological détérioration [440], In other 
words, rapid neurological détériorations carry a bad 
prognosis in terms of functional recovery, regardless 
of treatment modality. 

The preoperative status is related predominantly to 
the activity of the cancerous disease, which differs ac- 
cording to the primary tumor. According to average 
survival times for individual cancer groups, one can 
distinguish between primary tumors associated with 
a comparably long survival and those with a short 
survival probability. We hâve divided the patients of 
this sériés into these two groups and analyzed their 
postoperative clinical course separately. Table 5.31 
gives an overview of the postoperative clinical scores 
for the first 6 months after surgery for patients with 
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Ta b I e 5.31. Clinical course for 
patients with spinal métastasés related 
to survival prognosis and type of 
présentation 


Total 

Long survival 
Short survival 
Elective 
Emergency 

Hypesthesia 

Total 

Long survival 
Short survival 
Elective 
Emergency 

Dysesthesias 

Total 

Long survival 
Short survival 
Elective 
Emergency 

Gait 

Total 

Long survival 
Short survival 
Elective 
Emergency 

Motor power 
Total 

Long survival 
Short survival 
Elective 
Emergency 

Sphincter function 
Total 

Long survival 
Short survival 
Elective 
Emergency 

Karnofsky score 
Total 

Long survival 
Short survival 
Elective 
Emergency 


2.5±0.5 

2.5±0.5 

2.3±0.5 

2.5±0.5 

2.4±0.5 


3.5±1.1 

3.5±1.2 

3.5±0.9 

3.9±1.3 

3.2±1.1 


4.8±0.5 

4.8±0.5 


3.3+1.5 

3.2±1.6 

3.4±1.3 

4.1±1.4 

2.7±1.4 


3.4±1.5 

3.3±1.5 

3.8±1.4 

4.2±1.3 

2.9±1.4 


3.8±1.6 

3.9±1.5 

3.6±1.9 

4.4±1.5 

3.4±1.5 


57±18 

58±19 

55±14 

68±18 

50±13 


4.9±0.4 

4.9±0.4 

4.9±0.4 

4.9±0.3 

4.9±0.5 


3.5±1.4 

3,5±1.7 


3.9+1.3 

4,3±1.2 


4.5±0.7 

3.7±1.0 


4.9±0.4 

4.9±0.4 

4.9±0.4 

4.9±0.3 

4.9±0.5 


4.8±0.5 

4.9±0.4 

4.6±0.7 

4.9±0.3 

4.8±0.6 


2.9±1.7 

4.3±1.1 

2.6±1.7 


3.9±1.2 

3.9±1.3 

4.0±0.9 


61 ±20 
58±20 
71±18 
53+17 


61 ±23 
51±17 
67±24 


Statistically significant différence between preop. status and 6 months postop.: 
*p<0.05, **p< 0.01 
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favorable primary tumors (i.e., thyroid, kidney, breast, 
and prostate cancer), and those with less favorable 
histologies (i.e., lung, gastrointestinal tract, or un- 
known primary tumors). A second line of analyses 
compares elective and emergency operations. 

Comparing preoperative and postoperative scores 
after 6 months, ail patients showed improvements for 
pain, sensory déficits, motor weakness, and sphincter 
function. A significant différence, however, was seen 
for pain only. The Karnofsky score remained stable 
throughout this time (57±18 and 55±26, respectively). 
The best results were obtained for patients with a long 
survival prognosis. Significant improvements for this 
subgroup were obtained for pain, sensory déficits, 
and motor weakness, whereas minor improvements 
were seen for dysesthesias, and gait and sphincter 
functions. Likewise, no significant change of the Kar¬ 
nofsky score was observed (58±19 and 59±26, respec¬ 
tively). On the other hand, patients with a short sur¬ 
vival prognosis had a very short-lived benefit from 
surgery. Within 6 months, the Karnofsky score had 
declined significantly from 55±14 to 38±21 (Ta¬ 
ble 5.31). 

A comparison of elective and emergency opera¬ 
tions revealed similar postoperative changes in both 
groups. However, emergency patients were in a worse 
preoperative neurological situation, and most of them 
did not fully catch up with their elective counterparts. 
Therefore, at each given time their scores were lower 
compared to those of patients undergoing planned 
operations (Table 5.31). Of the electively operated pa¬ 
tients, 90% were able to walk postoperatively and 95% 
had sphincter control, compared to 50% and 73%, re¬ 
spectively, in the emergency group (chi-square test: 
p<0.0001). 

These results underline the overwhelming impact 
of the preoperative status for a satisfactory postopera¬ 
tive outcome. Analysis of individual clinical symp- 
toms demonstrated that 97% of patients who could 
walk preoperatively kept this ability postoperatively 
for at least 3 months. At 6 months, 14% had experi- 
enced a détérioration in this respect. At 1 year, 88% 
were still able to walk by themselves [263]. However, 
of 72 patients unable to walk preoperatively, only 16 
(22%) patients regained walking capacity. After 
3 months, this number had dropped to eight patients, 
and after 1 year just five were still able to walk. Al- 
though a slight improvement of motor function was 
observed for four paraplégie patients, none regained 
walking ability postoperatively. 

Correspondingly, 91% of patients remained conti¬ 
nent for urine for 3 months after surgery and 82% for 
1 year, while only 11 of 37 incontinent patients (30%) 


regained sphincter control after an operation. After 
1 year, just 4 of these 11 patients still had sufficient 
bladder control [6, 27]. 

Better overall results were observed for pain. Here, 
patients benefited the most, so that after 6 months, ail 
treatment groups except patients with a short survival 
prognosis had similar and sufficient pain control (Ta¬ 
ble 5.31) [8, 59,62,95,101,116,169,199,239,240,290, 
299, 312, 313, 333, 351, 358, 380, 455, 456, 470, 496, 
506, 512, 520, 536, 555, 558, 562, 563]. However, simi¬ 
lar effects for pain control can be obtained using ra- 
diotherapy [51, 140, 171, 198, 266, 347-349, 465, 535, 
549, 578], As most patients underwent postoperative 
radiation, some of the pain relief probably has to be 
attributed to radiation. First reports hâve now ap- 
peared with results on stereotactic radiosurgery of 
spinal métastasés, showing a good response at least 
for pain control [51,137,140, 465]. 

The majority of spinal métastasés originate in the 
vertébral body [13, 128, 294, 320], with spinal cord 
compression from the anterior. Instability due to ver¬ 
tébral body collapse, fracture, or kyphotic angulation 
may contribute to anterior compression of the cord. 
Impressive results hâve been reported with fixations 
using anterior approaches [65,116,169,199, 220, 239, 
240, 297, 299, 313, 358, 380, 500, 506, 512, 518-520, 
536, 562] and with posterior fixations [8, 35, 42, 62, 
65, 89, 95, 101, 134, 164, 239, 263, 295, 456, 491, 496, 
558,563]. Even though most of the métastasés involve 
predominantly the anterior éléments, no study has 
proven so far that anterior approaches provide better 
results than posterior ones [227]. 

Several studies emphasizing stability issues docu- 
mented favorable results with vertebrectomies, verté¬ 
bral body reconstruction, and fusion [8, 62, 65, 95, 
116, 134, 199, 220, 229, 239, 240, 299, 358, 380, 455- 
457, 500, 506, 511, 512, 518-520, 536, 558, 560, 562], 

Holman et al. [239] reported on 139 patients with 
lumbar métastasés operated from a variety of ap¬ 
proaches; of these, 79% of nonambulatory patients 
regained walking ability. Mean survival was 
14.8 months, with 54% surviving 1 year and 23% for 
5 years. 

Solini et al. [506] operated on 139 of 151 cervical 
métastasés using an anterior approach, with vertébral 
body reconstruction and fusion in the overwhelming 
majority. Ail patients reported improvement of pain 
and neurological recovery was seen in 81% of affected 
patients. The 2-year survival rate was 49%. 

Hosono et al. [240] reported 82 patients with spinal 
métastasés, with vertébral body replacements using 
anterior or antérolatéral approaches. Pain relief was 
obtained in 94% and motor function improved in 
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81%, resulting in improved ambulation for 64% of pa¬ 
tients. Complications were observed in 16%. Mainte¬ 
nance of ambulation required a favorable histology 
and local control of the metastasis. A total of 78% of 
patients survived for 6 months. 

Weigel et al. [562] presented a sériés of 76 patients 
undergoing 86 surgical procedures favoring anterior 
approaches. The mean postoperative survival was 
13.1 months, with functional improvement in 58% 
and pain relief in 89% of patients. Complications oc- 
curred in 19%, with a surgical mortality of 7%. Sur¬ 
vival was influenced by tumor histology, âge, prés¬ 
ence of extraspinal métastasés, and the preoperative 
Karnofsky score. 

Gokaslan et al. [199] presented a sériés of 72 pa¬ 
tients operated transthoracically for spinal métasta¬ 
sés. Seven patients with thoracolumbar and cer- 
vicothoracic lésions required additional posterior 
instrumentation. Thirty-four out of 46 patients with 
neurological déficits improved significantly. Compli¬ 
cations occurred in 21 patients (29%), with a 1-year 
survival rate of 62%. 

Heidecke et al. [229] presented 62 patients with 
cervical métastasés operated from the anterior ap- 
proach, with tumor removal, vertébral body replace¬ 
ment, and fusion. Complications occurred in 29%, 
with 93% demonstrating improvement or an un- 
changed neurological status after surgery. The 1-year 
survival rate was 58% and the 2-year survival rate was 
21% (survival statistics not applied). 

Sundaresan et al. [518] described 54 patients who 
were operated mainly via anterior approaches. Before 
surgery, 44% were nonambulatory. Except for a surgi¬ 
cal mortality of 6%, ail remaining patients became 
ambulatory after surgery. Twenty-five patients sur¬ 
vived for at least 2 years, and 23 of these were still self 
ambulatory. However, these excellent results are also 
attributable to the heterogeneity of histologies, with a 
significant percentage of low-level malignancies such 
as chordomas and chondrosarcomas. Subsequently, 
23% of patients underwent multiple operations for lo¬ 
cal récurrences or at other spinal levels. Similar re¬ 
sults were provided in a later report on 110 patients by 
this group [519], The overall médian survival in this 
study was 16 months, which again incorporated a 
mixture of different histologies, making it difficult to 
compare these results with those of other studies. 
With their rather aggressive surgical strategy and a 
high percentage of patients with combined anterior 
and posterior approaches (48%), a surgical mortality 
of 5% and a high complication rate of 48% did not in¬ 
terfère with the overall favorable results for 82% of 
patients, with 46% surviving for 2 years. A favorable 


functional resuit was defined as becoming ambulato¬ 
ry after surgery for previously nonambulatory pa¬ 
tients or remaining ambulatory postoperatively for 
patients who were in good preoperative condition. 
Excluding low malignant tumors from this calcula¬ 
tion reduced the 2-year survival rate to 36%. 

In a more recent study from this group [520], 80 
patients with solitary métastasés were reported. Half 
of these patients underwent combined anterior and 
posterior procedures and 32 were managed from an 
anterior approach only. En bloc resections were ob- 
tained in six instances; 32% of these patients were op¬ 
erated again for récurrent disease. The overall médian 
survival was 30 months, with 18% surviving 5 years. 

Bilsky et al. [65] presented a sériés of 33 cervical 
métastasés operated via anterior, posterior, and com¬ 
bined approaches, with neurological improvements 
seen in 88% of patients and a complication rate of 
24%. The overall mean survival was 8.6 months. 

In Tomita’s sériés [536] of 21 patients with spinal 
métastasés undergoing en bloc spondylectomies and 
fusion, there was one operative death. A postopera¬ 
tive improvement was seen for 18 patients. No local 
récurrence was observed. Among 10 surviving pa¬ 
tients, 7 survived for more than 1 year, while 11 pa¬ 
tients died, mostly within 1 year of surgery. In other 
words, en bloc resections do not prolong the survival 
of patients with métastasés but may achieve very good 
clinical results in suitable patients. 

Casadei et al. [101] achieved pain relief in 85% and 
functional improvements for 52% of patients with 
pathological fractures due to thoracolumbar métasta¬ 
sés using posterior décompression and fusion. Mean 
survival was 12 months. 

As impressive as such results for aggressive surgi¬ 
cal strategies are, there can be no doubt that anterior 
approaches to the thoracic and lumbar spine are quite 
demanding for these patients. This is even more pro- 
nounced if we consider that additional posterior fu¬ 
sion is also required for a significant proportion of 
these patients. Not every patient with metastatic dis¬ 
ease is suitable for such a regimen [95, 496, 563]. An 
alternative surgical approach is to concentrate on spi¬ 
nal cord décompression and posterior fusion for pal¬ 
liation. 

Applying mainly posterior approaches, Jansson 
and Bauer [263] reported on their expérience with 
282 spinal métastasés. Neurological conditions were 
found to hâve improved postoperatively in 70% of pa¬ 
tients, with 80% being able to walk for at least 
6 months. Similarly, Wang et al. [558] reported the re¬ 
sults of 140 patients after postérolatéral operations 
with décompression, vertébral body reconstruction, 
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and posterior fusion; 90% achieved good functional 
scores. Ail of these patients had been able to care for 
themselves preoperatively at least partially. 

Rompe et al. [457] presented results for 106 patients 
with spinal métastasés operated via postérolatéral ap- 
proaches with décompression and stabilization; 61% 
of patients not able to walk regained walking capacity. 
Survivors kept this ability for 1 year in 96% of cases 
with a 1-year survival rate of 50%. 

Schoeggl et al. [479] described 84 patients with spi¬ 
nal métastasés who were considered not suitable for 
extensive anterior operations, but who were decom- 
pressed from a posterior approach for progressive 
neurological déficits. Just 20% were able to walk pre¬ 
operatively and 55% had significant sphincter prob- 
lems. After décompression, 45% were able to walk 
provided at least some residual motor power had been 
présent preoperatively, and 18% of the patients with 
micturition problems reported improvements pro¬ 
vided they had not required catheterization preopera¬ 
tively. In conclusion, the authors recommended pos¬ 
terior décompression for patients with progressive 
neurological symptoms but significant residual fonc¬ 
tion as a palliative measure to improve quality of life. 

Bauer et al. [42] reported on 67 patients treated 
with posterior décompression and stabilization. The 
1-year survival rate was 22%, with 76% experiencing 
postoperative neurological improvement. The latest 
study of this group incorporated these patients and 
described 282 patients undergoing treatment with 
this strategy. The 1-year survival rate has since been 
determined as 30% [263], 

Akeyson and McCutcheon [8] described a sériés of 
25 patients operated in this fashion and achieved neu¬ 


rological improvements in 56%. Bilsky et al. [62] also 
presented their expérience with postérolatéral dé¬ 
compressions and fusions in 25 patients. Ail patients 
had postoperative pain relief and 23 either improved 
or maintained their neurological status. 

Mühlbauer et al. [385] were similarly successfol in 
17 patients. PMMA was used for vertébral reconstruc¬ 
tion with posterior instrumentation in most patients. 
After 1 month, 14 patients (82%) showed neurological 
improvement, and out of 10 preoperative nonambula- 
tors, 7 regained their ability to walk. One local récur¬ 
rence was observed. Nevertheless, 14 patients died 
after a mean time of 8 months (1-21 months), with 3 
survivors after 10, 4, and 3 months. 

Cahill and Kumar [95] presented results for nine 
patients with spinal métastasés who they considered 
inéligible for anterior surgery. These patients were 
managed with a posterior approach via costotrans- 
versectomy, subtotal vertebrectomy, and posterior fu¬ 
sion. 

In our sériés, the overall local récurrence rates, as 
determined by the Kaplan-Meier method, were 54% 
after 6 months, 64% after 1 year, and 95% after 4 years 
(Fig. 5.98) [290, 500, 518], Multiple régression analy¬ 
ses revealed that an independent preoperative status 
of ambulation, favorable tumor histology, low spinal 
level, low number of affected vertébral bodies, and 
elective surgery were significant, independent predic- 
tors of a low rate of local metastatic récurrence. A 
good preoperative clinical status (Fig. 5.99) and a 
planned operation were by far the strongest predic- 
tors for a long period of local control (Table 5.32). 

Any metastasis provides evidence that the patient 
suffers from a malignant disease that is no longer 


Fig. 5.98. Tumor récur¬ 
rence rate for patients with 
spinal métastasés 



Time in Months 
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Fig. 5.99. Tumor récurrence 
rates for patients with 
spinal métastasés as a 
function of preoperative 
Karnofsky score (log-rank 
test: not significant) 


Table 5.32. Multivariate analysis for prédiction of a local 
récurrence for spinal métastasés 



Low preoperative Karnofsky score 0.4983 

Emergency surgery 0.3750 

No fusion 0.2494 

High spinal level 0.2313 


Corrélation coefficient: r=0.5301, p<0.0001 


confined to a single organ [203]. Local control of a 
spinal metastasis alone will be unlikely to change the 
survival prognosis significantly [6]. The biological 
behavior of the primary tumor, its response to adju¬ 
vant therapy, and the general health status of the pa¬ 
tient will hâve a much more prominent influence on 
survival. 

The overall survival rates for patients in this sériés, 
again determined by Kaplan-Meier analysis, were 
53% after 6 months, 47% after 1 year, and 16% after 
4years (Fig. 5.100) [239, 558, 562], The longest post- 
operative survival was observed for patients with mé¬ 
tastasés from the thyroid, kidney, breast, and prostate 
cancer (80%, 83%, 59%, and 44% surviving for 1 year, 
respectively). These patients were considered to hâve 
a good survival prognosis. For these patients, surgical 
mortality was 9%; 65% survived 6 months and 62% 
were still alive after 1 year (Fig. 5.101). Similar figures 
after surgical therapy are reported in the literature [5, 
65,197,239,244,263,290,341,358,401,402,455,456, 
500, 511, 512, 520, 530, 534, 536, 558, 561, 562], 


On the other hand, patients with métastasés from 
lung or gastrointestinal cancer or an unknown pri¬ 
mary tumor showed a worse outcome in terms of sur¬ 
vival and were considered to hâve a poor survival 
prognosis [347, 520, 562], Just 27% of patients with 
métastasés from lung cancer survived for at least 
3 months. The 3-month survival for patients with un¬ 
known primary tumors was 34%. Ail patients with 
metastasis from gastrointestinal cancer died within 
6 months of surgery. Overall surgical mortality in the 
group with a poor survival prognosis was significant¬ 
ly higher, at 22% (log-rank test: p=0.0153; Fig. 5.101) 
[239], 

These figures compare favorably with radiotherapy 
sériés such as the study by Maranzano and Latini 
[347] with 255 patients. For patients with favorable 
histologies a 1-year survival rate of 41% was observed, 
whereas just 9% of patients with unfavorable histolo¬ 
gies survived 1 year. 

Van der Linden et al. [549] treated 342 patients 
with painful spinal métastasés with radiotherapy. The 
médian survival was 7 months; 3% developed spinal 
cord compression after radiotherapy. Predictors of 
longer survival were a high Karnofsky score, a favor¬ 
able primary tumor, and absence of viscéral métasta¬ 
sés. Based on these factors, patients were divided in 
three groups with resulting médian survival times of 
3 months, 9 months, and 18.7 months. 

A multiple régression analysis was performed in 
order to détermine other factors that hâve an inde- 
pendent influence on postoperative survival. This 
analysis predicts longer survival of patients with local 
control of the spinal metastasis (Fig. 5.102) and in a 
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Fig. 5.100. Overall survival 
rate for patients with spinal 
métastasés 



Fig. 5.101. Survival rates 
of patients with spinal 
métastasés as a function 
of histology (log-rank test: 
p<0.0001) 
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Fig. 5.103. Survival rates 
of patients with spinal 
métastasés, as a function 
of preoperative Karnofsky 
score (log-rank test: 
not significant) 



Time in Months 


Fig. 5.104. Survival rates 
of patients with spinal 
métastasés, as a function 
of elective or emergency 
surgery (log-rank test: 
not significant) 


good preoperative clinical status (Fig. 5.103) [229,239, 
347, 534, 562], Less important factors were a low spi¬ 
nal level of the metastasis, administration of postop- 
erative radiotherapy, and elective surgery (Fig. 5.104; 
Table 5.33). Spinal instability and its management did 
not hâve an impact on postoperative survival in our 
expérience. One study claimed that a rapidly pro¬ 
gressif severe neurological déficit, a complété block 
on myelography, a pathological fracture, or additional 
métastasés in other organs indicated a particularly 
bad prognosis [534], This was not substantiated by 
our analysis. However, these factors do hâve a pro- 
found influence on the postoperative clinical course 
of the patient, as mentioned above. North et al. [401] 


Table 5.33. Multivariate analysis for prédiction of a long 
postoperative survival for spinal métastasés 



No local récurrence 0.4263 

High preoperative Karnofsky score 0.2481 

Low spinal level 0.1776 

Elective surgery 0.1480 

Radiotherapy 0.1082 


Corrélation coefficient: r=0.6767, p<0.0001 
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determined that surgery over more than two spinal 
segments, récurrent disease after radiotherapy, and 
cervical métastasés as factors predicting a short post- 
operative survival time. 

According to this analysis, we suggest the follow- 
ing guidelines for treatment of spinal métastasés: 

1. Patients in good health condition and living inde- 
pendently should undergo surgery for spinal me- 
tastasis if neurological symptoms are présent. 
Postoperatively, adjuvant therapy should be initi- 
ated. 

2. Patients with neurological symptoms but in a bad 
health condition requiring hospitalization for their 
cancerous disease independent of the spinal me- 
tastasis should not be operated, but offered verte- 
broplasty, radiotherapy, and/or chemotherapy as 
palliative measures. 

3. Patients with spinal instability due to metastatic 
disease require stabilization to achieve a satisfac- 
tory neurological outcome. However, the surgical 
procedure has to be tailored according to the life 
expectancy and health status of the patient. 

4. Patients without neurological symptoms or insta¬ 
bility should undergo radiotherapy primarily un- 
less the tumor is radiorésistant. 

5. Patients who deteriorate after or despite primary 
radiotherapy may be candidates for surgery. But 
higher complication and surgical mortality rates 
may hâve to be anticipated. 


5.S.2.2 

Chordomas 

Chordomas arise from cell remnants of the noto- 
chord, and are found at autopsy in about 2% of pa¬ 
tients [517], They are slow-growing, malignant bone 
tumors with a high propensity for local récurrence. 
Systemic métastasés occur in about 5-43% of patients 
[69, 133, 235, 271, 316, 336, 451, 475, 480, 517, 566], 
They represent 2% of spinal tumors [517] and about 
1-4% of malignant bone tumors [517], In a survey of 
400 patients with chordomas treated in the United 
States between 1973 and 1995, a male prédominance 
was found and the incidence calculated as 0.08/100000 
[366]. About half of them are encountered in the sa¬ 
crum (Figs. 5.30, 5.31, and 5.56), 35% in the area of 
the clivus and the remaining 15% in the mobile seg¬ 
ments of the spine (Fig. 5.57) [24, 99, 226, 271, 366, 
517, 540]. The incidence of chordomas increases with 
âge, but they may affect patients of ail âges with a 
male prédominance [15,24,69,226,235,271,339,366, 
469, 475, 480, 517, 522], Sacral chordomas tend to af¬ 
fect mainly elder patients, whereas younger patients 


more commonly présent with clivus chordomas 
[366], 

Local pain is the prédominant symptom for most 
patients with chordomas of the spine. About two- 
thirds develop additional neurological symptoms, as 
the tumor may display a significant soft-tissue exten¬ 
sion and infiltrate the nerve sheaths of spinal nerves 
[521, 576]. 

In this sériés, a total of 20 operations for spinal 
chordomas in 9 patients (3 females and 6 males) were 
performed, representing 6% of the spinal tumors en¬ 
countered. We observed 1 cervical, 4 thoracic, 3 lum- 
bar (Fig. 5.57), and 12 sacral chordomas (Figs. 5.30, 
5.31, and 5.56; Table 5.34). 

The first symptom noted for 17 tumors was local 
pain. Sensory déficits, dysesthesias, or sphincter dis¬ 
turbances were mentioned once each. After an aver¬ 
age period of 7±13 months, ail but one tumor had 
caused progressive neurological symptoms with ei- 
ther a sensory déficit (14 patients), motor weakness (9 
patients), sphincter disturbances (9 patients), or gait 
ataxia (8 patients; Table 5.34). 

Chordomas are notoriously difficult to remove 
radically [254, 576], They infiltrate and destroy bone. 
Soft-tissue extensions are delineated by a pseudocap¬ 
sule. Inside the vertébral body, the tumor may be 
multilobulated, with nests of chordoma cells occur- 
ring between parts of healthy bone. The consistency 
of the tumor can be quite variable, from firm, ossified 
lésions to extremely soft tumors with cystic compo- 
nents harboring a mucoid substance [521], During 
surgery, tumor cells may contaminate the surgical 
field. Therefore, no surgeon can be assured of a radi¬ 
cal removal if the tumor is removed along macroscop¬ 
ie tumor margins or in piecemeal fashion (Figs. 5.30, 
5.31, and 5.57). 

The only chance for cure is an en bloc resection 
with a margin of healthy tissue [33,176,254,271,413, 
509, 521, 571, 582], In general, this can be achieved 
without significant morbidity below S3, provided the 
nerve roots of S1-S3 can be preserved at least on one 
[226, 339], but preferably on both sides (Fig. 5.56) [33, 
117,167,176,213,413,458,469, 582], Once the roots of 
SI and S2 hâve to be sacrificed, a significant number 
of patients will develop persistent sphincter problems 
[117]. With resection involving the sacroiliac joint, 
lumbosacral stability and gait may be severely com- 
promised. With even higher-reaching tumors, radical 
resections require sophisticated reconstructions and 
are associated with a significant number of patients 
remaining permanently immobilized. If pelvic organs 
are involved or the tumor extends into the lumbar 
spine, surgery will be unlikely to resuit in cure. There- 
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Table 5.34. Spinal chordomas 


Sex 

Age 

(years) 

Level 

History 

(months) 

Symptoms 

Therapy 

Outcome 

F 

51 

S3-S5 

8 

Hypesth., Dysesth., Pain, Sphincter 

En bloc 

Improved 

No Rec. in 

153 months 

M 

62 

S2-S5 

2 

Pain 

En bloc 

Improved 

No Rec. in 

158 months 

F 

27 

S1-S5 

4 

Dysesth., Pain 

Complété 

Improved 

Rec. in 4 months 


27 

S1-S5 

4 

Hypesth., Dysesth., Pain 

Complété 

Improved 

Rec. in 1 month 


28 

S1-S5 

2 

Pain, Sphincter 

Complété 

Improved 

Rec. in 6 months 


28 

S1-S5 

2 

Hypesth., Motor, Pain 

Subtotal, 

Radioth. 

Improved 

Rec. in 42 months 


33 

S1-S5 

48 

Hypesth., Dysesth., Motor, Pain 

Decomp. 

Unchanged 

Died 101 months 
after lst surgery 

M 

69 

S1-S5 

10 

Hypesth., Pain, Sphincter 

Suhtotal 

Radioth. 

Improved 

No Rec. in 

53 months 


72 

Th8-Th9 

3 

Hypesth., Dysesth., Pain, Motor, Gait, 
Sphincter 

Subtotal 

Radioth. 

Improved 

No Rec. in 

16 months 

F 

43 

S4-S5 

60 

Hypesth., Pain 

Subtotal 

Improved 

Rec. in 1 month 


44 

S4-S5 

9 

Hypesth., Pain 

Subtotal 

Radioth. 

Improved 

Rec. in 39 months 


47 

S4-S5 

3 

Hypesth., Pain, Sphincter 

Subtotal 

Improved 

Rec. in 9 months 


48 

S2-S5 

6 

Hypesth., Sphincter 

Subtotal 

Unchanged 

No Rec. in 

10 months 

M 

31 

L3 

3 

Hypesth., Dysesth., Pain, Motor, Gait 

Complété 

Improved 

No Rec. in 

6 months 

M 

75 

L2-L3 

8 

Pain, Motor, Gait 

Subtotal 

Unchanged 

Rec. in 2 months 


75 

L2 

1 

Hypesth., Pain, Motor, Gait, Sphincter 

Subtotal 

Unchanged 

Died 14 months 
after lst surgery 

M 

55 

Th2-Th3 

1 

Hypesth., Pain, Motor, Gait, Sphincter 

Complété 

Improved 

Rec. in 6 months 


56 

Th2-Th3 

3 

Motor, Gait, Pain, Sphincter 

Complété 

Radiother. 

Improved 

Rec. in 7 months 


57 

Th2-Th3 

2 

Motor, Gait, Pain 

Complété 

Improved 

No Rec. in 

36 months 

M 

28 

C2-C4 


Hypesth., Pain, Gait 

Complété 

Improved 

Rec. in 2 months 
Died after 

8 months 


Abbreviations: Radioth. = radiotherapy, Decomp. = décompression 
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fore, a surgical strategy should be chosen that ensures 
préservation of function in these cases. These require 
a combined approach, first anteriorly to secure the 
pelvic structures, and then posteriorly to remove the 
mass [57, 213, 429, 517]. 

En bloc resections for high-located sacral chordo- 
mas are controversial due to the associated morbidity 
and considérable complication rates of around 50% 
[33, 149, 176, 485, 509, 567, 569, 582], From our point 
of view, such surgical strategies could only be justi- 
fied if a high cure rate can be achieved. According to 
the reported numbers, however, this seems not to be 
the case: 

Zileli et al. [582] performed 11 sacrectomies above 
S2. These operations tookan average time of 13.4±4.4 h 
and were associated with a mean blood loss of 
4518±1773 ml. Surgical mortality was 27%, with nine 
further complications. Overall, just 3 of these 11 pa¬ 
tients are still alive with no disease. This type of sur- 
gery clearly demands a very high price from every 
patient. 

Xu et al. [571] reported 41 sacral chordomas among 
a sériés of 87 patients with a mixture of different his¬ 
tologies. Twenty-five of the chordomas were located 
below S3 and removed using a posterior approach, 
while the remaining 16 above this level were operated 
with combined approaches. Survival statistics were 
not applied to détermine récurrence or survival rates. 
Surgical mortality was 11.15% and there were six sub¬ 
séquent tumor récurrences in this sériés. 

Bergh et al. [52] published their expérience with 39 
chordomas, of which 30 were located in the sacral and 
the remaining 9 in the mobile spine. Surgical margins 
were wide in 23, marginal in 6, and intralesional in 10 
patients, with ail but 4 operations intended as en bloc 
resections of the tumor. Local récurrences occurred 
in 40% of sacral and 55% of chordomas of the mobile 
spine, and métastasés developed in 28%. No survival 
statistics were applied. There were ten tumor-related 
and ten tumor-unrelated deaths. Of the remaining 19 
patients, 2 are living with disease and the remaining 
17 without evidence of tumor. Ail but six of the survi- 
vors had undergone wide resections. In other words, 
with wide resections 12 of 23 patients, (52%) survived, 
compared to 6 of 16 (38%) after marginal or intrale¬ 
sional removals. The estimated 5- and 10-year sur¬ 
vival rates were 84% and 64%, respectively. The au- 
thors strongly advocated aggressive surgical strategies 
with sacrifice of sacral nerve roots and considered the 
functional losses for their patients as acceptable. 

York et al. [576] reported a sériés of 27 patients with 
sacral chordomas. These patients underwent a total of 
67 surgical procedures. Twenty-eight operations were 


judged as radical resections, with the remaining 39 
being subtotal removals. The médian survival was 
7.38 years, with four patients developing systemic mé¬ 
tastasés and five patients dying of unrelated causes. A 
total of 47 local récurrences were observed. The récur¬ 
rence free-interval was correlated with the amount of 
resection and postoperative radiotherapy. After radi¬ 
cal resections, the disease-free interval was 2.27 years, 
and after subtotal resections it was 8 months. With 
additional radiotherapy, the interval increased for 
subtotally removed chordomas to 2.12 years. 

Baratti et al. [33] reported on 28 sacral chordomas. 
Surgical margins were wide in 11, marginal in 13, and 
intralesional in 4 patients; 17 récurrences were seen 
during a follow up of 15-200 months. Ten patients 
died, while nine patients currently remain free of dis¬ 
ease. Wide resection margins were not associated 
with a lower récurrence rate compared to marginal 
resections combined with radiotherapy. 

Cheng et al. [117] presented a sériés of 23 lumbosa- 
cral chordomas. Wide excisions were achieved in 7, 
resections with positive margins in 5, and intralesion¬ 
al resections in 11 patients. Overall, 86% survived for 
5 years and there was a local récurrence rate of 40%. 
Survival was correlated with the upper limit of the tu¬ 
mor. Radicality influenced local récurrence rates only 
in nonradiated patients. Patients treated with postop¬ 
erative radiotherapy showed similar récurrence rates 
than patients with wide excisions. 

Ozaki et al. [413] reported 12 sacral chordomas, 
with radiotherapy applied to 1 unoperated patient 
only, who died of the disease 22 months later. Five 
had intralesional removals and the other six marginal 
resections. Five of these six patients are free of récur¬ 
rence, with a follow up of 2-7.5 years, whereas four of 
those with intralesional resections are either dead or 
alive with a récurrence within 4 years after surgery. 

With chordomas of the mobile spine, results for en 
bloc resections hâve also been published [2, 187, 346, 
352,449], Boriani et al. [79] described 21 such patients 
and obtained their best results with en bloc resection 
followed by radiotherapy. In their sériés, 10 patients 
died 1-137 months postoperatively (mean 65 months), 
with 11 survivors, of which 7 were free of tumor ré¬ 
currence. 

Carpentier et al. [99] reported on 36 cervical chor¬ 
domas and emphasized the importance of aggressive 
surgical strategies for long-term control and survival 
of these patients. Oncologie resections were not usu- 
ally performed in their patients, but the vertébral ar- 
tery and/or cervical roots were sacrificed in selected 
cases. Compared to more conservative strategies aim- 
ing at functional préservation, patients with aggres- 
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sive tumor removal had better long-term control (70% 
and 0% recurrence-free after 5 years, respectively) 
and survival rates (80% and 50% surviving 5 years, 
respectively). However, 2 early deaths were taken out 
of the analysis in the aggressively treated group of 22 
patients! 

Except for the cervical tumor, ail chordomas in our 
sériés were removed via posterior approaches. En bloc 
resections were attempted if the tumor was localized 
in the sacrum but did not extend higher than SI or 
into the pelvis. Whenever the tumor did not confine 
to these limits, en bloc resection was not intended. 
Préservation of sacral nerve roots S1-S3 for at least 
one side was attempted in every case. With this policy, 
two tumors were removed en bloc with a safety mar- 
gin of healthy tissue (Fig. 5.56), eight tumors were re¬ 
moved completely along tumor margins (Figs. 5.30, 
5.31, and 5.57), and the remaining ten tumors were 
removed subtotally. For three out of five patients with 
sacral tumors, repeated surgeries for a total of eight 
récurrences were performed. For two out of four pa¬ 
tients with chordomas of the mobile spine, three tu¬ 
mor récurrences were operated subsequently. Ail of 
the patients retained sphincter control throughout 
their clinical course despite repeated surgeries. With 
the exception of one preoperatively paraplégie patient, 
ail remained self ambulatory postoperatively. How¬ 
ever, with each subséquent surgery, improvements of 
function were less pronounced and intervals until the 
next récurrence progressively shortened (Table 5.34). 
Unlike the case for chordomas of the clivus [73], a 
higher rate of complications was not seen for patients 
operated for a récurrent chordoma after previous ra- 
diotherapy. Except for one wound infection, no com¬ 
plications were encountered. Five operations were fol- 
lowed by radiotherapy using neutron, photon-beam, 
or conventional radiotherapy at dosages of 60-70 Gy. 
The average follow-up times were 64±58 months per 
patient and 31 ±45 months per tumor. 

The postoperative course during the lst year was 
analyzed for tumors with and without radiotherapy. 
Without radiotherapy, slight but not significant 
changes for pain, sensory déficits, and dysesthesias 
could be demonstrated. The Karnofsky score re¬ 
mained unchanged during this period (69±18 and 
69±23, respectively). With radiotherapy, slight but not 
significant improvements were seen for pain, motor 
weakness, gait, sphincter functions, and the Karnof¬ 
sky score, which increased from 60±14 to 75±10. This 
effect of radiation was mainly a conséquence of pro- 
longing the disease-free interval, as many tumors had 
recurred within a few months in nonradiated pa¬ 
tients. 


The overall 1- and 5-year récurrence rates for spi¬ 
nal chordomas were 65% and 75%, respectively 
(Fig. 5.105). A high preoperative and postoperative 
Karnofsky score, a sacral level of the tumor [235], a 
complété resection [24, 271, 517], and postoperative 
radiotherapy predicted a long recurrence-free inter¬ 
val according to our analysis. Almost every tumor 
eventually recurred unless en bloc resection or radio¬ 
therapy had been performed. Without radiotherapy, 
75% of the tumors had recurred by 1 year, compared 
to 25% for patients who had received postoperative 
radiotherapy. Several studies hâve demonstrated the 
bénéficiai effects of postoperative high-dose radio¬ 
therapy for spinal chordomas [15,24, 33,119,207,235, 
336, 342, 399, 403, 424, 429, 454,475], particularly af¬ 
ter the first operation [15,403]. A dose-dependent re- 
sponse of chordomas to radiotherapy was emphasized 
repeatedly [342, 424, 454] and a total dose of at least 
50-70 Gy is currently widely recommended [15, 102, 
336, 342,424,454,469,480], Postoperative radiother¬ 
apy also had a favorable influence on pain and neuro- 
logical function [133, 342,454, 480], Gutin et al. [216] 
described their results with brachytherapy involving 
I 125 , and reported stabilization of three out of five pa¬ 
tients with chordomas. 

To facilitate the application of high local radiation 
without damaging neighboring structures such as 
sacral nerve roots or the rectum, modem forms of ra¬ 
diotherapy such as proton-beam and photon-beam ra¬ 
diation are advocated [21, 102, 342, 389, 399, 403, 429, 
450, 475, 480]. For cervical chordomas, a 10-year rate 
for local control of 54% was reported after proton- 
beam radiation [389], Noël et al. [399] published a 3- 
year control rate of 71% and a 3-year survival rate of 
75%. Rhomberg et al. [450] used photon-beam radia¬ 
tion augmented by a sensitizing agent in five patients. 
With a médian follow up of 10 years, three of those pa¬ 
tients currently remain alive and free of disease, with a 
minimum period of local control of 5 years. Catton et 
al. [102] treated 41 chordoma patients after surgery 
with photon-beam irradiation. A palliative effect for 
symptomatic patients was seen for pain only. Médian 
survival in this group was 62 months, and the médian 
time to clinical or radiological progression 35 months. 

Promising results hâve been obtained recently with 
carbon ion radiotherapy [251, 482], Schulz-Ertner et 
al. [482] reported a control rate of 81% for 3 years. 
Imai et al. [251] concentrated on 30 sacral chordomas 
and obtained a control rate of 96% for 5 years. These 
results indicate a superior effect for this modality 
compared to photon-beam radiation. 

However, every radiated tumor except one had re¬ 
curred after 39 months in our sériés (Fig. 5.106). This 
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Fig. 5.105. Tumorrecur- P 

rence rate for spinal chor- 
domas 
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Fig.5.106. Tumorrecur- 
rence rates for spinal chor- 
domas, as a function of 
postoperative radiotherapy 
(log-rank test: not signifi- °' 8 
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emphasizes the importance of a radical en bloc exci¬ 
sion, even though such a resection does not guarantee 
recurrence-free survival: Kaiser et al. [271] reported a 
récurrence rate of 28% after successful en bloc resec¬ 
tions. Similarly high récurrence rates are reported in 
the remaining literature [24, 33, 57, 69, 79, 119, 133, 
176, 235, 254, 339, 342, 403, 411, 454, 475, 480, 515, 
517]. 

Three patients in this sériés developed systemic 
métastasés during their course of illness. They died 
from their disease 5, 14, and 101 months following 
their first operation. According to a Kaplan-Meier 
analysis, 5- and 10-year survival rates of 80% and 
53%, respectively, were calculated. 
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Reviewing data of the National Cancer Institute in 
the United States, a survey of 400 patients treated be- 
tween 1973 and 1995 for spinal as well as cranial chor- 
domas were analyzed together [366]. The authors 
observed no significant différences between different 
tumor sites and calculated a médian survival of 
6.29years, a 5-year survival rate of 67.6%, and a 
10-year survival rate of 39.9%. For sacral chordomas, 
a recent report documented 5- and 10-year survival 
rates of 87.8% and 48.9%, respectively [33], In the 
study by Cheng et al. [117], 86% of patients with lum- 
bosacral chordomas survived for 5 years. 

In summary, the reviewed literature and the results 
of our sériés support our strategy to perform en bloc 
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Fig. 5.107. Sagittal Tl-weighted MRI with contrast (a) and 
T2-weighted (b) scan of a plasmocytoma at C2 with atlanto- 
axial dislocation in a 61-year-old man with multiple myeloma 
presenting with a short history of progressive swallowing 
problems and neck pain, c Axial T2-weighted image dem- 
onstrating the compression of the spinal cord. d Cranial Tl- 


weighted contrast-enhanced Scan disclosing another tumor 
in the pariétal bone on the right side. The patient underwent 
occipitocervical fusion of C0-C5. The postoperative latéral (e) 
and anterior-posterior (f) X-rays show the position of the im¬ 
plants with a corrected position of Cl and C2. (Continuation 
see nextpage ) 
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resections for tumors of the lower sacrum, and resec¬ 
tions aiming at completeness of resection with prés¬ 
ervation of function in the remaining cases. Postop- 
erative radiotherapy should be applied whenever an 
en bloc resection is not performed. 


5.S.2.3 

Plasmocytomas 

Plasmocytomas are malignant tumors that are de- 
rived from plasma cells and may occur either as soli- 
tary or multiple lésions (i.e., multiple myeloma). Plas¬ 
mocytomas may involve any bone of the body. Even 
though they occur predominantly in elderly patients, 
children may also be affected [418, 483]. Among pri- 
mary tumors of the spine, plasmocytomas account for 
up to 5% [540], The majority of spinal plasmocytomas 
involve the thoracic spine [25,110]. 

In general, patients with multiple myeloma are 
treated with radiotherapy and chemotherapy and are 
no candidates for surgical interventions unless a par- 
ticular lésion has caused spinal instability (Fig. 5.107) 
[40,503] or severe local pain requires a vertebroplasty 
[40, 189, 238, 442], In a sériés of 114 patients with 
multiple myeloma, just 19 showed some degree of spi¬ 
nal cord compression [88]. In a more recent sériés, 
20% of patients with multiple myeloma demonstrated 
cord compression [428], 


On the other hand, Bataille et al. [41] described 114 
patients with solitary plasmocytomas. Compared to 
patients with multiple myelomas, these patients were 
younger, predominantly male, and presented no 
monoclonal component on plasma electrophoresis 
[41,106], 

The radiological features on CT and X-ray studies 
may demonstrate a lytic lésion, a polycystic appear- 
ance, or a vertébral collapse (Figs. 5.107-5.109) [168], 
Among patients with solitary plasmocytomas, be- 
tween 30% and 50% will develop systemic disease af- 
ter intervals of l-8years [26, 168, 298, 364], With 
careful MRI examinations, Pertuiset et al. [428] ob- 
served multiple bone lésions in up to 30% of patients 
with assumed solitary plasmocytomas. MRI has to be 
considered the most effective imaging modality to de- 
tect further lésions in patients with plasmocytomas 
[49, 384], MRI characteristics for plasmocytomas are 
low signal intensity on Tl-weighted images, high sig¬ 
nal intensity on T2-weighted images, curvilinear dé¬ 
marcations, and cortical irregularities [486], 

Unfortunately, most studies combine patients with 
solitary lésions and multiple myeloma. Bisagni-Faure 
et al. [68] examined 184 patients with plasmocytomas 
and determined 22 with lésions causing spinal cord 
compression. One-half were treated with surgery fol- 
lowed by radio- and chemotherapy and the other half 
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Fig. 5.108. Sagittal Tl- (a) and T2-weighted (b) MRI scans 
of a solitary plasmocytoma at Th6 in a 68-year-old man with 
a short history of pain and progressive paraparesis. The tu- 
mor infiltration appears to be confined to the bone on these 
images, c Axial Tl-weighted scan demonstrating considérable 
extraosseous extension with involvement of both pedicles and 
intraspinal tumor parts on the right side. d This intraoperative 
view after hemilaminectomy at Th6 demonstrates the épidural 


tumor part adhèrent to the dura. With resection of this part, 
the tumorous, enlarged pedicle (e) provides access for subto¬ 
tal removal of tumor extensions in the vertébral body (f). The 
postoperative native (g) and bone-window CT scans (h) show 
the décompression of the spinal cord and degree of tumor re¬ 
section. The patient improved postoperatively and underwent 
radio- and chemotherapy 
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by radio- and chemotherapy only. Except for patients 
with paraplegia, who did not recover regardless of the 
treatment modality, functional outcomes were better 
for the surgical group. The médian survival time for 
this group was 30 months. Mill and Griffith [372] 
presented a sériés of 128 patients with multiple my- 
eloma and 16 solitary plasmocytomas treated with 
radiotherapy. For solitary cases, mean survival was 
5.5years. Camacho et al. [96] observed 32 patients 
with spinal involvement among a total of 110 plasmo¬ 
cytomas. Among these, 3 had solitary and the re- 
maining 29 had multiple lésions. Twelve patients 
demonstrated spinal cord compression and required 
surgical intervention. Mühlbauer et al. [385] described 
17 patients who they operated from the posterior ap- 
proach in a single stage involving tumor removal, spi¬ 
nal reconstruction, and fusion. One month after sur- 
gery, 82% were improved neurologically, with seven 
out of ten patients regaining their ability to walk. 
However, the mean survival was only 8 months in 
this group. Chataigner et al. [114] operated on 18 pa¬ 
tients with plasmocytomas, of which 5 were solitary 
lésions. Ail complained of local pain, and seven pa¬ 
tients presented with neurological déficits. Six opera¬ 
tions were done from the anterior approach, five from 
a posterior approach, and seven as combined proce¬ 
dures. Postoperatively, nine patients died and there 



Fig. 5.109. a This anterior-posterior X-ray of the sacrum 
shows a large osteolytic process on the left side in a 72-year- 
old woman with a 2-month history of pain and sensory 
disturbances. The native (b) and bone-window (c) CT show 
an extensive, solitary plasmocytoma with a small tumor 
extension into the spinal canal. The patient underwent 
complété tumor removal followed by radio- and chemo¬ 
therapy. With considérable pain relief after surgery, she 
has been free of récurrence for 3 years 


was a médian survival of 15.4 months; the other nine 
patients are currently alive after a mean follow up of 
57 months. Neurological symptoms improved in five 
of the seven patients, and the Karnofsky scores in- 
creased from 50 preoperatively to 77 at the latest fol¬ 
low up. 

A few sériés focus on solitary plasmocytomas. Bac- 
ci et al. [26] presented a sériés of 15 patients; of these, 
11 had spinal cord compression. Eleven patients were 
treated with radiotherapy alone, while 4 underwent 
surgery before radiotherapy. Seven patients are alive 
3-9 years later, while the other eight progressed to 
multiple myeloma and died. Chang et al. [110] pre¬ 
sented a sériés of 19 solitary plasmocytomas treated 
with radiotherapy. They claimed local control in ail 
cases and observed two patients progressing to mul¬ 
tiple myeloma, with 9 survivors for 7-77 months. 
They concluded that radiotherapy is the treatment of 
choice and recommended chemotherapy for récur¬ 
rences and disseminated lésions. 

A comparison of the results of different sériés 
leaves no doubt that the best outcome is achieved with 
a multimodality treatment [323]. In the sériés of De- 
lauche-Cavallier et al. [139] describing 19 patients 
with solitary lésions, 11 were operated, 18 underwent 
radiotherapy, and 8 underwent chemotherapy; 85% of 
these patients were alive 10 years later. Local recur- 
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Table 5.35. Spinal plasmocytomas 


1 Sex 

Type 

Age 

(years) 

Level 

History 

(months) 

Symptoms 

Therapy 

Outcome | 

M 

Multiple myeloma 

56 

C3 

Unstable 

1 

Radiother. 

Pain 

Subtotal 

+ Fusion 

Improved 

Lost to follow up 

F 

Multiple myeloma 

70 

C5-C6 

Unstable 

60 

Motor, Gait, Pain 

Subtotal 

+ Fusion; 
Chemo. 

+ Radiother. 

Improved 

No Rec. in 

27 months 

F 

Solitary 

71 

Th4 

2 

Hypesth., Dysesth., 
Pain, Motor, Gait 

Subtotal; 
Chemo 
+ Radiother. 

Improved 

No Rec. in 

2 months 

F 

Solitary 

57 

C2 

Unstable 

24 

Pain 

Subtotal 

Recon. 

+ Fusion; 
Chemo 

Improved 

Rec. in 35 months 

F 

Solitary 

72 

L5-S5 

2 

Motor, Gait, Pain 

Complété; 

Chemo. 

+ Radiother. 

Improved 

Rec. in 13 months 
Died after 

27 months 

M 

Multiple myeloma 

67 

Th9 

0.5 

Hypesth., Motor, Gait, 
Pain, Sphincter 

Subtotal 

Surgical mortality 

M 

Solitary 

39 

L1 

8 

Pain 

Subtotal 

Surgical mortality 

M 

Solitary 

65 

Th6 

2 

Hypesth., Motor, Gait, 
Pain 

Subtotal; 

Chemo. 

+ Radioth. 

Improved 

No Rec. in 

12 months 

F 

Solitary 

60 

Th3-Th5 

1 

Hypesth., Gait, Pain 

Subtotal; 

Chemo. 

+ Radioth. 

Improved 

No Rec. in 

8 months 

F 

Solitary 

64 

Th6-Th9 

0.5 

Hypesth., Motor, Gait, 
Pain, Sphincter 

Subtotal; 

Chemo. 

Improved 

No Rec. in 

5 months 

M 

Solitary 

67 

C6-Th2 

Unstable 

0.2 

Hypesth., Motor, Gait, 
Pain 

Subtotal 

+ Fusion; 
Chemo. 

+ Radioth. 

Improved 

Lost to follow up 

M 

Multiple myeloma 

53 

C6-Th2 

Unstable 

4 

Preop. 

Radiother. 

Gait 

Complété 

+ Fusion; 
Chemo. 

Improved 

Lost to follow up 

F 

Solitary 

46 

C2 

Unstable 

1 

Pain 

Subtotal 

Fusion; 

Radiother. 

Improved 

Rec. in 17 months 
Died after 

18 months 

F 

Solitary 

72 

S1-S3 

2 

Hypesth., Gait, Pain 

Complété; 

Chemo. 

+ Radiother. 

Improved 

Rec. in 3 months 
Alive after 

36 months 


Abbreviations: Chemo. = chemotherapy, Recon. = vertébral reconstruction 
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Table 5.35. ( Continuai ) 

1 Sex 

Type 

Age 

(years) 

Level 

History 

(months) 

Symptoms 

Therapy 

Outcome | 

M 

Solitary 

61 

Th2 

36 

Pain, Gait 

Subtotal; 

Chemo. 

+ Radiother. 

Unchanged 

Lost to follow up 

M 

Multiple myeloma 

56 

L5 

36 

Pain, Gait 

Subtotal; 

Chemo. 

+ Radiother. 

Unchanged 

Lost to follow up 

F 

Multiple myeloma 

74 

C2 

Unstable 

0.5 

Dysesth., Pain, Gait 

Subtotal 

Surgical mortality 

F 

Solitary 

66 

Th4 

Unstable 

12 

Pain 

Complété 

+ Fusion; 
Radiother. 

Improved 

M 

Solitary 

68 

Th6 

2 

Hypesth., Motor, Gait, 
Pain, Sphincter 

Complété; 

Chemo. 

Improved 

Lost to follow up 


+ Radiother. 


rences were seen in 13 patients, mostly within 5 years. 
Again, plasma electrophoresis was helpful to déter¬ 
mine those patients likely to develop systemic disease 
[139, 565], 

In a sériés of 12 patients and a literature analysis of 
another 72 cases, McLain and Weinstein [364] deter- 
mined a mean disease-free interval for patients with 
solitary plasmocytomas of 76 months and a 5-year 
disease-free survival rate of 60%. A total of 44% de- 
veloped systemic disease 2-13 years after diagnosis. 
The authors recommended radiotherapy as the treat- 
ment of choice. 

We hâve treated 19 patients with spinal plasmocy¬ 
tomas, of which 6 had multiple lésions at the time of 
présentation. Among the 13 patients with solitary 
plasmocytomas, three developed multiple myeloma at 
a later stage. We observed an equal sex distribution, 
and the mean âge at diagnosis was 62±10 years after 
an average history of 11±17 months. No différence in 
preoperative clinical data was found on comparing 
patients with solitary lésions and those with multiple 
myeloma, with the exception of instability, which was 
encountered more often in multiple myeloma patients 
and reflects our surgical policy to treat only patients 
with instability. With the exception of one patient de- 
scribing motor weakness as the first symptom, ail 
others complained about local pain as the first clini¬ 
cal manifestation of the spinal tumor. By the time of 
the operation, pain was still the predominating clini¬ 
cal problem for 69%, with 26% and 5% complaining 


mainly about gait problems and motor weakness, re- 
spectively. We encountered five cervical (Fig. 5.107), 
two cervicothoracic, eight thoracic (Fig. 5.108), two 
lumbar tumors, one lumbosacral, and one sacral tu¬ 
mor (Fig. 5.109). Two patients had undergone radio¬ 
therapy before. The plasmocytomas were removed 
completely in 26% of cases, and the remainder were 
removed subtotally. Vertébral reconstruction was 
done in seven patients with either iliac crest bone 
(four patients), PMMA (two patients), or a titanium 
cage (one patient). Eight patients presented with spi¬ 
nal instability and underwent fusion. Postoperatively, 
ten patients received a combination of radio- and che- 
motherapy after surgery, while the remainder under¬ 
went either chemo- or radiotherapy (Table 5.35). 

Due to the limited number of patients, no separate 
analyses were performed for solitary plasmocytomas 
and multiple myelomas. The average preoperative 
Karnofsky score of 66±17 improved postoperatively 
to 76±8 after 1 year (p= 0.0309). Significant improve- 
ments were observed during this period for gait ataxia 
and pain (Table 5.36). According to Kaplan-Meier 
analysis, the local tumor récurrence rate was 20% 
within 1 year. Unfortunately, three patients died in 
the immédiate postoperative period, due to pulmo- 
nary embolism in two instances and fatal septicemia 
in the third patient. The proportions of those patients 
still alive at 1 and 3 years postoperatively were 84% 
and 52%, respectively (Fig. 5.110). 
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Symptom Preop. Postop. 3 Months 6 Months 1 

status status postop. postop. pi 


Pain 

Hypesthesia 

Dysesthesias 

Gait 

Motor power 
Sphincter function 
Karnofsky score 


2.3±0.5 3.6±0.5 

4.1±U 4.4±0.8 

5.0 5.0 

3.6±1.6 4.1±1.2 

4.3±1.0 4.6±0.8 

5.0 5.0 

66±17 71±15 


3.9±0.4 

4.4±0.8 

5.0 

4.3±1.0 

4.9±0.4 

5.0 

74±10 


4.1±0.7 3.9±0.7** 

4.4±0.8 4.4±0.8 

5.0 5.0 

4.3±1.0 4.3±1.0* 

4.9±0.4 4.9±0.4 

5.0 5.0 

77±8 76±8* 


Table 5.36. Clinical course for 
patients with spinal plasmocytomas 


Statistically significant différence between preop. status and 1 year postop. and 
6 months postoperatively, respectively: *p<0.Q5, **p< 0.01 
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5.5.2.4 

Chondrosarcomas 

Chondrosarcomas are chondrogenic tumors and af¬ 
fect either the skull base (in 90% of cases) or the mo¬ 
bile spine (in about 10% of patients) [82], They occur 
predominantly in males and local récurrences are 
common [53], Chondrosarcomas affect predominant¬ 
ly adults, but hâve been described in children [19, 
303]. They primarily involve bony structures, but may 
demonstrate considérable extraspinal extensions 
(Figs. 5.111 and 5.112) [1] or may metastasize to the 
épidural space [319, 434, 448]. Spinal involvement is 
associated with a bad prognosis compared to cranial 
forms. In récurrent cases, chemotherapy and radio- 
therapy are recommended [19]. The prolifération 
marker Ki 67 appears to hâve prognostic significance 
[464], The tumors may display myxoid changes, calci¬ 
fications, and ossifications [521], 


Fig. 5.110. Survival rate 
for spinal plasmocytomas 


45 60 


We hâve observed six patients with chondrosarco¬ 
mas of the spine. Four involved the thoracic spine 
(Figs. 5.111 and 5.112) and one each the cervical and 
lumbar spine. They presented at an average âge of 
51±10 years after a history of 3±3 months. The clinical 
course was quite variable, with patients complaining 
about pain (38%), motor weakness (23%), gait prob- 
lems (15%), a local swelling (15%), or dysesthesias 
(8%) as the first clinical symptom. At présentation, 
gait problems were the major concern for three 
patients and pain for the remainder. The mean 
Karnofsky rating at présentation was 59±19. Posterior 
spinal éléments were mainly affected in ail but one 
tumor, which was removed via a combined transtho- 
racic approach and followed with posterior fusion 
(Table 5.37). 

In our sériés, complété resections at first surgery 
were obtained in ail three instances, while secondary 
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Fig. 5.111. Médial (a) and paramedian (b) sagittal Tl- 
weighted, contrast-enhanced MRI scans of a large chon- 
drosarcoma at Th9-Thl0 in a 43-year-old man with a 
painful swelling in the back and slight sensory changes in 
his legs. He had undergone two operations for a chondro- 
sarcoma of his lOth rib by thoracic surgeons within the last 
10 years. c The considérable extraspinal extension of this 
mainly cystic-appearing tumor is visible on this axial Tl- 
weighted scan and affects mainly the left side. d The bone- 
window CT image displays destruction of the left pedicle 
and the characteristic calcifications (see also Figs. 5.1 and 
5.32). e This intraoperative view demonstrates the huge 
tumor after soft-tissue dissection. (Continuation see nextpage) 
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Fig. 5.111. ( Continued ) The large cystic mass 
was evacuated (f ) and removed to gain access 
to the left pedicle of ThlO and the intraspinal 
tumor at Th9 (g). After resection of the épi¬ 
dural part and most of the body of ThlO (h), 
a cage was implanted followed by transpe- 
dicular fixation ofTh8-Thll. i The postoper- 
ative sagittal CT reconstruction demonstrates 
a good décompression of the spinal canal. 

The patient experienced considérable pain 
relief with unaltered sensory changes, 
j Despite postoperative photon-beam radia¬ 
tion, an intraspinal épidural récurrence 
developed 6 months later 



5.5 Spécifie Entities 483 



Fig. 5.112. Sagittal (a) and axial (b) Tl-weighted, contrast- 
enhanced MRI scans of a chondrosarcoma at Thl0-Thl2 in a 
66-year-old man with a 6-month history of pain and a slight 
paraparesis. The axial Tl- (b) and T2-weighted (c) images show 
the amount of cord compression and extraspinal extension, 
d The bone-window CT image shows remarkably few osteo- 


lytic changes with extraosseous calcifications, e The intra¬ 
operative view demonstrates the large tumor after soft-tis- 
sue dissection, f This final intraoperative view demonstrates 
the complété resection of this tumor with what appears to be 
healthy margins. (Continuation see nextpage ) 
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Table 5.37. Spinal chondrosarcomas 


Sex 

Age 

(years) 

Level History 

(months) 

Symptoms 

Therapy 

Outcome 

M 

45 

L2-3 12 

Pain 

Complété; 

Radiother. 

Improved 

No Rec. in 19 months 

F 

64 

Thll 3 

Hypesth., Motor, Gait, Pain 

Complété 

Improved 

Rec. in 1 month 

M 

51 

Th6 8 

3 operations 

Hypesth., Dysesth., Gait, Pain 

Complété 

Unchanged 

Rec. in 3 months 

M 

66 

ThlO-12 6 

Hypesth., Motor, Gait, Pain, 
Sphincter 

Complété 

Improved 

Rec. in 3 months 


66 

ThlO-11 1 

Hypesth., Motor, Gait, Pain 

Complété 

Unchanged 

Rec. in 5 months 


67 

ThlO 1 

Hypesth., Motor, Gait, Pain, 
Sphincter 

Subtotal 

Unchanged 

M 

45 

C7 0.5 

3 operations 

Preop. Radiother. 

Hypesth., Dysesth., Motor, 
Gait, Pain 

Subtotal 

Improved 

Rec. in 5 months 


46 

C4-7 3 

Hypesth., Dysesth., Motor, 
Gait, Pain 

Subtotal 

Unchanged 

Rec. in 16 months 


47 

C2-Thl 3 

Unstable 

Hypesth., Motor, Gait, Pain, 
Sphincter 

Subtotal 

Fusion 

Unchanged 

Rec. in 6 months 

M 

42 

Th9-ll 6 

2 operations 

Dysesth., Pain 

Complété 

Improved 

Rec. in 8 months 


42 

ThlO 2 

Hypesth., Dysesth., Motor, 
Gait, Pain, Sphincter 

Subtotal 

Recon. ± Fusion; 
Radiother. 

Improved 

Rec. in 6 months 


43 

T10-L3 1 

Hypesth., Dysesth., Motor, 
Gait, Pain, Sphincter 

Subtotal; 

Radiother. 

Improved 

Rec. in 4 months 


44 

Thll-L5 0.5 

Hypesth., Dysesth., Motor, 
Gait, Pain, Sphincter 

Subtotal 

Unchanged 
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Ta b I e 5.3 8. Clinical course for 
patients with spinal chondrosarcomas 


Symptom 


Pain 3.7±0.5 

Hypesthesia 3.5±1.1 

Dysesthesias 4.3±0.5 

Gait 3.7±1.4 

Motor power 3.7±1.2 

Sphincter fonction 4.5±1.2 

Karnofsky score 70±17 


4.0±0.6 

3.8±1.0 

4.5+0.6 

4.0±1.1 

3.8±1.0 

4.7±0.8 

72±13 


4.2±0.4 3.8±0.8 

4.0±0.9 3.5±1.2 

4.5±0.6 4.5±0.6 

4.2±0.8 3.8±1.5 

4.2±0.8 3.7±1.2 

4.8±0.4 4.5±1.2 

77±10 70±19 


Statistically significant différence between preop. status and 6 months postop. and 
6 months postop., respectively: *p<0.05, **p< 0.01 


surgeries resulted in three complété (Fig. 5.112) and 
seven subtotal resections (Fig. 5.111). The postopera- 
tive benefits of surgery, however, were rather short- 
lived and not significant during the first 6 postopera- 
tive months. The average Karnofsky score of 70±17 
improved for about 3 months, only to drop back to 
70±19 after 6 months (Table 5.38). 

The course of spinal chondrosarcomas is extremely 
variable depending on the biology of the tumor and 
the mode of treatment. With récurrent tumors, trans¬ 
formations to a more malignant histological and clin¬ 
ical picture hâve been described. Therefore, resection 
has to be as complété as possible the first time - pref- 
erably en bloc. If this cannot be done without unac- 
ceptable morbidity, postoperative radiotherapy with 
proton- and photon-beam radiation is recommended 
[521], 

Shives et al. [498] reported the Mayo Clinic sériés 
of 20 patients with spinal chondrosarcomas treated 
with conventional surgery. Just 5 patients received 
postoperative radiotherapy; 15 of these patients died 
due to local progression after a mean survival period 
of 6 years. The 5-year survival rate in this sériés was 
just 55%. Likewise, Bergh et al. [53] observed a 5-year 
survival rate of 72% and a 10-year survival for 67%. 
On the other hand, Hirsh et al. [237] described a pa¬ 
tient with involvement of the upper thoracic spine 
who survived for 18 years, requiring repeated opera¬ 
tions illustrating a more benign behavior of some of 
these tumors. 

Longer survival rates hâve been described after en 
bloc resections with adéquate margins. Boriani et al. 
[82] observed 3 local récurrences among 15 patients 
undergoing en bloc resection of their tumors, with ail 
but 1 patient alive at the follow up. On the other hand, 
intralesional surgery was invariably followed by ré¬ 
currence, with eight out of ten patients dying in this 
sériés [82], 


In another sériés of 21 spinal chondrosarcomas, 7 
radical and 21 subtotal resections were achieved. Mé¬ 
dian survival was 6 years. Radiotherapy was adminis- 
tered in ten patients and prolonged the average dis- 
ease-free interval from 16 to 44 months [575], 

As for chordomas, proton- and photon-beam ra¬ 
diation has been recommended for chondrosarcomas 
of the skull base as well as of the spine [21, 389, 399, 
521], Unfortunately, many studies mix chordomas 
and chondrosarcomas together in their analyses. 
Compared to chordomas, the results of radiotherapy 
hâve been superior for chondrosarcomas [54, 389, 
399], Noël et al. [399] described a local control rate of 
85% for 3 years and a 3-year survival rate of 88% after 
proton-beam radiation. Promising results hâve also 
been obtained with carbon ion radiotherapy [482], 

In our sériés, ail tumors recurred despite complété 
resections within 8 months unless postoperative ra¬ 
diotherapy was administered. For ail subtotally re- 
sected tumors, récurrences were observed within 
16 months with or without postoperative radiothera¬ 
py. Due to the small number of patients and the rather 
short follow up of 14±13 months, we cannot make any 
comments on postoperative survival figures for this 
group. 

5.5.2.5 
Lymphomas 

The rôle of surgery in the treatment of spinal lympho¬ 
mas is limited to establish an exact histological diag- 
nosis and - on rare occasions - to achieve a rapid de- 
compression of the spinal canal (Figs. 5.113 and 5.114) 
or stability of the spine (Fig. 5.115). The radiological 
features are quite variable. Lymphomas may appear 
like a metastasis with bone destruction and soft- 
tissue invasion (Fig. 5.115). Others look almost like 
a well-encapsulated épidural tumor (Fig. 5.114) or 
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Fig. 5.113. Sagittal Tl-weighted MRI without (a) and with 
contrast (b) of a lymphoma at Thl0-Thl2 in a 85-year-old 
woman with a 5-month history of progressive paraparesis. 
Whereas the lésion is almost invisible without contrast, 
there is bright enhancement of an intraspinal process after 
gadolinium application, with ill-defined borders. c The axial 
MRI scan displays cord compression from the left side and 
marked soft-tissue and extraspinal extension into the back 
muscles in particular. The native (d) and bone-window CT 
images (e) provide good information as to the extraspinal 
extension and the lack of bone destruction by this tumor. 
{Continuation see nextpage) 
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Fig. 5.113. ( Continued ) f This intraoperative view after 
laminectomy at ThlO and Thll demonstrates the épidural 
space filled with tumor. With blunt dissection, this tumor 
could be separated form the dura (g) and the intraspinal 
part resected completely (h). Postoperatively, the patient 
showed neurological improvement, regained her walking 
ability, and underwent radiotherapy. Unfortunately, 
récurrent disease appeared after 5 months 



Fig. 5.114. a Sagittal Tl-weighted MRI scan 
of a lymphoma at Th3-Th4 in a 54-year-old 
man with a 4-week history of pain and slight 
gait ataxia. The lésion could be easily mistaken 
for an épidural schwannoma except for the 
signal changes in neighboring interspinous 
ligaments. The T2- (b) and Tl-weighted, 
contrast-enhanced scans (c) demonstrate the 
lymphoma as a well demarcated solitary tumor 
in the spinal canal, but also diffuse tumor 
infiltration of the entire spine. (Continuation 
see nextpage) 
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Fig. 5.114. (Continued) d The axial MRI scan 
discloses a less well-defined pathology with dif¬ 
fuse signal changes surrounding the lamina, 
e This intraoperative view after laminectomy at 
Th3 and Th4 shows the tumor adhèrent to the 
dura. The process could be peeled off the dura 
(f) and removed completely (g). The postope- 
rative T2- (h) and Tl-weighted (i) MRI scans 
demonstrate a complété resection. The patient 
experienced neurological improvement and 
underwent chemotherapy 
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Fig. 5.115. a Latéral X-ray of a lymphoma at Th9 in a 73- 
year-old man with a 5-month history of pain and progressive 
paraparesis. The vertébral body has started to collapse with 
sclerotic changes ( arrowhead ). The sagittal T2- (b) and Tl- 
weighted, contrast-enhanced MRI (c) show a lésion inside 
the body of Th9 with extension into Th8 and ThlO Crossing 
the dise spaces and an épidural intraspinal component. 
d The axial MRI demonstrates the durai sac encircled by 
tumor with the bulk of the mass on the right side. e This 
intraoperative view, taken after soft-tissue dissection, shows 
the enlarged lamina and intervertébral joint complex on the 
right side. f With resection of the hemilamina, the épidural 
part of the tumor could be removed. The infiltrated root was 
transected and the infiltrated pedicle resected. (Continuation 
see nextpage) 
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Fig. 5.115. ( Continued ) g Finally, a transpedicular 
stabilization of Th8-Thl0 was performed. The postoperative 
latéral (h) and anterior-posterior (i) X-rays show the correct 
position of ail implants. The wires were placed during a 
previous sternotomy for cardiac surgery. The patient 
experienced marked pain relief and neurological improve- 
ment after surgery and underwent radiotherapy 



display ill-defined margins (Fig. 5.113). Osteolytic 
bone destruction, however, is absent. Radiotherapy 
and chemotherapy are the treatment modalities of 
choice [183], A spinal présentation has been described 
in 4% of patients with lymphomas in a major sériés 
[107], Zimmermann [583] examined 7000 tumors of 
the central nervous System and determined 208 lym¬ 
phomas (3%) among these; 50% of the lymphomas 
were located in the brain. There were 57 spinal cases, 
either epidurally or in the vertébral bone, with pri- 
mary as well as secondary métastasés from other sites. 
The majority of spinal lymphomas are of the B-cell 
type [483]. A wide variety of âges may be affected, 
with children as well as people of advanced âge [483]. 
Most lymphomas affect the thoracic spine [183]. 

In our sériés of eight patients, seven lymphomas 
were of the B-cell type, and one T-cell lymphoma was 
encountered. Patients presented at an average âge of 


56±15 years after a rather short history of 4±2 months. 
Half of the processes affected the thoracic spine 
(Fig. 5.113-5.115) and the other half the lumbar spine. 
Ail but one patient complained about pain initially. 
At présentation, every patient had developed rapidly 
deteriorating neurological déficits. A severe parapa- 
resis was présent in one patient. Except for one patient 
with multiple lymphomas, ail others showed single lé¬ 
sions. The postoperative course is not related to the 
amount of resection. While two lymphomas were re- 
sected completely, six were subtotally removed to 
achieve a sufficient décompression of the spinal cord. 
Ail patients underwent postoperative oncological 
treatment (Table 5.39). Follow up was 14±35 months, 
with a maximum of 9 years. With one patient dying 
6 weeks postoperatively, the small number of patients 
did not allow a meaningful analysis of local récur¬ 
rence rates or survival figures. 
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Ta b I e 5.3 9. Spinal lymphomas 


1 Sex 

Type 

Age 

(years) 

Level 

History 

(months) 

Symptoms 

Therapy 

Outcome | 

M 

B-cell 

Solitary 

36 

Th8-9 

0.05 

Hypesth., Motor, Gait 

Subtotal; 

Chemo. + Radiother. 

Improved 

No Rec. in 2 months 

M 

B-cell 

Multiple 

68 

Th5-7 

6 

Hypesth., Motor, Gait, 
Pain, Sphincter 

Subtotal; 

Radiother. 

Improved 

No Rec. in 2 months 

F 

T-cell 

Solitary 

77 

L4-5 

6 

Pain, Motor, Gait 

Subtotal; 

Chemo + Radiother. 

Improved 

Lost to follow up 

F 

B-cell 

Solitary 

71 

Thl0-ll 

2 

Motor, Gait, Pain 

Subtotal; 

Chemo. + Radiother. 

Unchanged 

Rec. + Died 

2 months 

M 

B-Cell 

Solitary 

46 

L4-5 

2 

Dysesth., Gait, Pain 

Complété; 

Chemo. 

Improved 

Lost to follow up 

F 

B-cell 

Solitary 

52 

Th9-12 

2 

Hypesth., Gait, Pain 

Complété; 

Radiother. 

Improved 

Lost to follow up 

F 

B-Cell 

Solitary 

41 

L4-5 

6 

Dysesth., Motor, Pain 

Subtotal; 

Chemo. + Radiother. 

Improved 

No Rec. in 101 months 

F 

B-cell 

Solitary 

60 

L4-5 

6 

Motor, Gait, Pain 

Subtotal; 

Chemo. + Radioth. 

Improved 

Lost to follow up 


5.5.2.6 

Ostéogénie Sarcomas 

Among primary ostéogénie sarcomas, spinal involve- 
ment is rare and found in only 2-4% of patients [233, 
249,431], Barwick et al. [38] reviewed 1000 ostéogénie 
sarcomas and observed 10 sarcomas in the spinal col- 
umn. Three of those were related to Paget’s disease. It 
is estimated that up to 10% of patients with Paget’s 
disease will eventually develop an ostéogénie sarcoma 
[145]. As Paget’s disease rarely causes neurological 
symptoms, the appearance of neurological problems 
in a patient with this disorder should lead to further 
diagnostic measures [315]. Ostéogénie sarcomas hâve 
been described after radiotherapy [513] and in former 
workers of plutonium plants [373], Radiation-induced 
sarcomas tend to be associated with a particularly bad 
prognosis [513]. 

In a review on 4887 cases of ostéogénie sarcomas 
treated in the Mayo Clinic, 4% (198) evolved primar- 
ily in the spine with an equal sex distribution [249]. 
The average âge at présentation was 34.5 years, rang- 
ing from 8-80 years. Twenty-seven involved the cer¬ 
vical spine, 66 the thoracic, 64 the lumbar, and 41 the 
sacral spine. Two levels were affected in 17% of pa¬ 
tients. Nonsacral tumors tended to affect the posteri- 
or éléments predominantly (44 of 56); 84% invaded 
the spinal canal [249, 431]. 

We observed four patients with ostéogénie sarco¬ 
mas at âges 16, 45, 48, and 65 years. There was one 


Pancoast tumor extending from C7 to Th3, one ex¬ 
tensive thoracic tumor at Thl/2 after radiotherapy for 
a thyroid carcinoma, one tumor involving the poste- 
rior éléments of Th2 and Th3 (Fig. 5.116), and one 
large sacral sarcoma below S2 with intrapelvic exten¬ 
sion. Ail patients presented with a rapidly progressive 
paraparesis and/or severe pain. The cervicothoracic 
tumors were resected partially in either a single or 
three subséquent operations. The thoracic and sacral 
tumors were removed completely using a marginal 
resection for the thoracic tumor and an en bloc resec¬ 
tion for the sacral tumor. Ail patients underwent 
postoperative chemotherapy. The two partially re¬ 
sected tumors showed no response to adjuvant thera- 
py and progressed within 7 months, leading to death 
15 months after surgery in both instances. The two 
patients with completely resected tumors were free of 
disease 3 and 36 months after surgery (Table 5.40). 

Even though isolated reports demonstrated a good 
response to chemotherapy alone [408], several studies 
hâve shown that en bloc resections of the involved 
vertebrae followed by adjuvant multimodality treat- 
ment provide the best chances of survival [2, 61,126, 
414, 537]. The best regimen may be a combination of 
preoperative chemotherapy after the diagnosis is 
proven by biopsy, followed by surgery - provided the 
clinical situation allows such a strategy [521], 

Conventional radiotherapy has only a palliative ef- 
fect [142], A trial with charged particle radiotherapy 
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Fig. 5.116. Sagittal T2- (a), Tl-weighted MRI scans without 
(b) and with contrast (c) of an ostéogénie sarcoma at Thl in 
a 65-year-old man with a 2-month history of pain and pro¬ 
gressive paraparesis. On the T2-weighted image, the tumor 
appears as a hyperintense, circumscribed, épidural, intra- 
spinal tumor with no apparent bone involvement. On Tl, 
the tumor is isodense with bright, homogeneous contrast 
enhancement and a durai tail sign. d The axial scan discloses 
cord compression from posterior and the right side. e The 
bone-window CT scan shows calcifications in this tumor, 
but again no apparent bone destruction. (Continuation see 
nextpage) 
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Fig. 5.116. (Continued) f This intraoperative view, taken with 
the patient in the semisitting position after laminectomy of 
Thl, demonstrates a well-demarcated tumor adhèrent to the 
dura. Blunt dissection of the tumor (g) allowed what appeared 


to be a complété resection (h), i The postoperative CT shows 
the surgical resuit. The patient improved postoperatively and 
was referred for further oncological treatment 


achieved a 5-year local control rate of 48% [547]. In- 
tralesional resections are followed by récurrences and 
further spreading of the tumor. Wide resection mar- 
gins are advocated in case reports, even for secondary 
sarcomas [43]. However, métastasés hâve been ob- 
served in patients with spinal ostéogénie sarcomas in 
significant percentages of up to 34% [61, 414, 431], so 
that radical resections with the potential for cure can 
be reserved for patients with solitary tumors that do 
not show wide extensions into paraspinal tissues. 

The most effective treatment for advanced and 
metastatic sarcomas is chemotherapy [414, 459]. In a 
study of 105 such patients responses were observed in 
47% of patients. A tumor size of less than 5 cm and a 
history no longer than 1 year were factors predicting 


a good response with a médian survival of 16 months 
[154], In a more recent study on 22 cases, a médian 
survival of 23 months was observed [414], 

In a sériés of 66 primary ostéogénie sarcomas of 
the spine, 80% demonstrated neurological symptoms, 
with a mean history of 7 months. The lumbar spine 
was the commonest localization. En bloc resections 
were performed for 25% of these patients and were 
preceded by chemotherapy. The largest group of os¬ 
téogénie sarcomas were of the osteoblastic type and 
survived for a mean period of 17 months [281]. 

Bilsky et al. [64] reviewed 59 spinal sarcomas; of 
these, 7 were ostéogénie sarcomas. Only nine cases 
were amenable to en bloc resections so that the over- 
whelming majority underwent intralesional resec- 
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Table 5.40. Spinal ostéogénie sarcomas 


1 Sex 

Age 

(years) 

Level History 

(months) 

Symptoms 

Therapy 

Outcome 

M 

16 

C7-Th3 1 

Pancoast 

Hypesth., Dysesth., Motor, Gait, Pain, 
Sphincter 

Partial; 

Chemo. 

Improved 

Rec. in 5 months 

Died after 15 months 

F 

45 

Thl-2 Ra- 3 

diation- 

induced 

Hypesth., Motor, Pain 

Subtotal; 

Chemo. 

Improved 

Rec. in 7 Months 

Died after 15 months 

M 

65 

Th2-3 8 

Hypesth., Dysesth., Motor, Gait, Pain, 
Sphincter 

Complété; 

Chemo. 

Unchanged 

No Rec. in 3 months 

M 

48 

S2-S5 6 

Pain 

En bloc; 
Chemo. 

Improved 

No Rec. in 36 months 


tions. Thirty-five patients were operated once and 24 
required repeated operations. The médian âge was 
42 years, ranging from 6 to 79 years, with 25 primary 
spinal sarcomas and 34 metastatic lésions. After sur- 
gery 95% were ambulatory. The médian disease-free 
periodwas 13 months and médian survival 18 months, 
reflecting the small proportion (15%) of en bloc resec¬ 
tions. 

Talac et al. [528] observed a close corrélation be- 
tween surgical radicality and survival in their sériés 
of 30 patients with spinal sarcomas, in whom en bloc 
removals were obtained in 12 patients and piecemeal 
resections in 18 patients. Positive resection margins 
increased by fivefold the likelihood for a local récur¬ 
rence, with 92% of patients with local récurrences dy- 
ing within a mean interval of 16.6 months. Médian 
survival times were 37 and 62 months for patients af¬ 
ter piecemeal and en bloc resections, respectively. 

Sundaresan et al. [516] published their sériés of 24 
ostéogénie sarcomas of the spine. Patient âge ranged 
between 13 and 71 years, and 67% presented neuro- 
logical symptoms. In 13 patients, partial resections 
were followed by radiotherapy. This strategy proved 
to be ineffective. In the second group of 11 patients, 
radical resections were obtained followed by chemo- 
therapy and radiotherapy. One patient in this group 
developed métastasés and five long-term survivors 
were observed. 


S.S.2.7 

Osteoblastomas 

Osteoblastomas may occur in the spine and long 
bones of the lower extremities [353], Patients under 
the âge of 30 years are affected predominantly [326, 
353, 581], but these tumors hâve also been described 
in elderly patients [343], They occur more frequently 


in males compared to females by a ratio of 2:1 [76,353, 
397]. In most instances the posterior éléments are in- 
volved (Fig. 5.117) [14,205,394,397,521,581], whereas 
the vertébral body may be more commonly affected 
in the cervical spine [581]. 

Pain is the prédominant clinical problem, and in 
young patients it is often accompanied by scoliosis [7, 
378, 521], The average history is 1.5 years [76, 353, 
581]. With resection of the tumor, preoperative pain 
should be reduced dramatically [292, 353, 394], Most 
studies emphasize that total removal has to be 
achieved to ensure local control [14, 322, 353, 521, 
581], particularly for aggressive forms [477,539], With 
aggressive osteoblastomas, complété resections with a 
margin of healthy tissue hâve been recommended to 
prevent récurrence [539]. As these tumors may be ex- 
tremely vascularized, preoperative embolization can 
be helpful [501], On the other hand, several authors 
hâve also described good outcomes after incomplète 
resections [98, 353, 365, 394], 

Despite being considered as benign tumors, osteo¬ 
blastomas may behave as locally aggressive [48, 477] 
and progress to sarcomas [14], In a review of 184 os¬ 
teoblastomas, transformation to sarcomas was seen in 
5 cases and were not restricted to radiated tumors. 
The overall récurrence rate was determined as 9.8% 
for osteoblastomas of ail localizations, but was re¬ 
stricted to patients with incomplète resections. No 
récurrence was observed for completely resected tu¬ 
mors [260], Late récurrences hâve been described to 
occur up to 17 years after surgery [48], Radiotherapy 
is not effective [260, 353]. 

Nemoto et al. [397] reviewed 75 spinal osteoblasto¬ 
mas. Eighteen patients presented with neurological 
déficits and 17 with a scoliosis. They encountered 29 
cervical, 16 thoracic, 17 lumbar, and 13 sacral tumors. 
With a short patient history, the chances of improv- 
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Fig. 5.117. a Preoperative photograph of the lower back of 
a 22-year-old patient with a 6-year history of low back pain 
recently developing sphincter disturbances. There appears 
to be a considérable lump, b The sagittal T2-weighted MRI 
scan shows a hyperdense, expansile lésion of the posterior 
sacral bone with compression of the sacral canal, c The 
coronal Tl-weighted image demonstrates a hypointense 
signal of the tumor. d The bone-window CT image discloses 
an expansile, osteolytic tumor with a thin capsule and some 
calcifications. The patient underwent a complété resection 
from a posterior approach. e The postoperative bone-window 
CT image shows the surgical resuit. The air artifacts are 
due to Gelfoam, which was used to control intraoperative 
hemorrhages of this highly vascularized tumor. f The sagittal 
CT reconstruction at follow up demonstrates the complété 
removal. The patient experienced pain relief but no improve- 
ment of neurological functions 
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Table 5.41. Spinal osteoblastomas 


1 Sex 

Age 

(years) 

Level 

History 

(months) 

Symptoms 

Therapy 

Outcome :j 

F 

20 

Th9 

15 

Hypesth., Dysesth., Pain 

Subtotal 

Improved 

No Rec. in 163 months 

F 

5 

C5 

9 

Dysesth., Motor, Pain 

Complété 

Improved 

No Rec. in 145 months 

M 

23 

C2 

60 

Pain 

Subtotal 

Improved 

Lost to follow up 

M 

22 

S1-S5 

56 

Hypesth., Pain, Sphincter 

Complété 

Improved 


Lost to follow up 


ing a scoliosis by tumor removal are favorable [7, 
430]. 

In a sériés on 30 spinal osteoblastomas, Boriani et 
al. [76] observed 16 tumors in the lumbar région, 8 in 
the thoracic région, and 6 in the cervical région, 
mainly involving posterior éléments. Twelve patients 
presented with a painful scoliosis. Fourteen tumors 
were well defined and restricted to spinal bone, 
whereas 16 demonstrated some soft-tissue exten¬ 
sion and ill-defined margins. Surgical results with 
intralesional resections were very good for ail cir- 
cumscribed tumors. For extensive tumors, additional 
radiotherapy was employed in nine patients. Ra- 
diation-induced ossification of the tumor remnants 
was seen in 80% of cases and considered a healed 
lésion. Sometimes this process was even sufficient 
to achieve a bony fusion. Nevertheless, aggressive 
forms were associated with a récurrence rate of 
19%. 

With respect to osteoblastomas in children, Am- 
acher and Eltomey [14] reported eight patients with 
spinal osteoblastomas ail of whom presented with 
local pain followed by either scoliosis or some other 
form of a pathological posture. Total excision pre- 
vented a récurrence in this sériés. Ail three incom¬ 
plète resections were followed by récurrences within 
2 years. 

Rechl et al. [446] reported two patients with osteo¬ 
blastomas of the sacrococcygeal région. Both patients 
underwent complété resections with immédiate post- 
operative pain relief and no récurrences. 

We hâve observed four patients (two males and 
two females) with osteoblastomas at âges 5, 20, 22, 
and 23 years. One tumor each was located in the tho¬ 
racic spine and sacrum (Fig. 5.117) and two cervical 
tumors were encountered. Ail four patients com- 
plained predominantly about pain, with just three 
patients suffering minor neurological problems with 


preoperative Karnofsky scores between 70 and 80. 
Two tumors were resected completely and two subto- 
tally. Ail patients showed postoperative improvement 
of pain and neurological symptoms (Table 5.41). In 
our sériés, ail tumors underwent intralesional resec¬ 
tion and curettage. While one cervical and the sacral 
tumor were removed completely, the other two un¬ 
derwent subtotal resection. No récurrences were ob¬ 
served with a maximum follow up of 14 years. 


5.5.2.8 

Aneurysmatic Bone Cysts 

Aneurysmatic bone cysts affect children and young 
adults with a slight female prédominance [275, 553]. 
Long bones, fiat bones, and the spine may be affected 
[553]. The current concept considers this entity as a 
primarily vascular lésion [275] and describes it as an 
arteriovenous fistula that créâtes a reactive bone lé¬ 
sion related to hémodynamie forces [521], Due to con¬ 
sidérable bone destruction, vertébral fractures may 
occur [83, 328, 553]. The histological différentiation 
to osteoblastomas and giant cell tumors may be diffi- 
cult [146, 371]. Posterior éléments are affected pre¬ 
dominantly, with expansion of the vertébral contour 
[83, 521], 

We hâve seen four spinal aneurysmatic bone cysts 
in three patients: one child of 11 years and two adults 
in their 20s, of whom one had to be operated a second 
time on a récurrent tumor 30 months after a complété 
resection. Three tumors were located in the cervical 
spine (Fig. 5.118) and one in the upper thoracic spine. 
Ail patients were affected by local pain and just one 
presented with additional neurological symptoms 
(Table 5.42). 

Complété resection is the treatment of choice and 
can be performed intralesionally [83, 275], although 
en bloc resections hâve also been advocated [328,553]. 
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Fig. 5.118. a Anterior-posterior X-ray of the cervical spine of 
a 11-year-old boy with a 4-month history of pain and para- 
paresis. The X-ray shows complété absence of the lamina of 
Thl. b The sagittal T2-weighted MRI scan demonstrates a 
hyperintense tumor in the posterior éléments of Thl with 
compression of the spinal cord and the beginnings of kyphotic 
angulation and luxation, c The axial Tl-weighted image with 
contrast demonstrates the extension of this aneurysmatic bone 


cyst, which involves both pedicles but leaves out the anterior 
components of Thl. Native (d) and bone-window CT images 
(e) show an expansile, osteolytic tumor in the lamina of Thl 
with a thin sclerotic rim. The patient underwent a complété re¬ 
section of the tumor, as demonstrated by the postoperative Tl- 
weighted MRI (f). The patient improved postoperatively and 
underwent anterior fusion C7-Th2 in a separate operation 
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Table 5.42. Spinal aneurysmatic bone cysts 


F 25 C2 12 

M 11 Thl 4 

M 24 C3-5 6 

27 C4 3 


Pain Subtotal 

Hypesth., Motor, Gait, Pain Complété 

Pain Subtotal 

Recon. + Fusion 
Pain Complété Recon. 

+ Fusion 


Improved 

Lost to follow up 

Improved 

Lost to follow up 

Improved 

Rec. in 30 months 

Improved 

Rec. in 7 months 


Preoperative embolization is recommended for large 
tumors [83,143,371,435] and may be curative in some 
instances [83, 521], Spontaneous régressions after 
partial resections hâve been described [275], but ré¬ 
currences of at least 20-30% must be expected after 
partial resections [328, 521, 553], In a large review on 
the Mayo Clinic sériés of 238 aneurysmal bone cysts 
of various locations, 19% recurred after intralesional 
surgery. Most récurrences were observed in the first 
2 years [553], Radiotherapy is not recommended as it 
carries the risk of sarcomatous transformation [275]. 

Boriani et al. [83] reported on 41 patients with spi¬ 
nal aneurysmatic bone cysts and concluded that em¬ 
bolization should be offered as the first line of treat- 
ment except for patients with vertébral fractures. If 
surgery is required, intralesional surgery achieved ex¬ 
cellent results, with two récurrences observed for one 
embolized and one surgical patient each. 

In our sériés, two complété and two subtotal resec¬ 
tions were performed with vertébral body reconstruc¬ 
tion and fusion in one patient. Preoperative emboli¬ 
zation was applied in one patient. One patient 
experienced a récurrence 30 months after a complété 
resection with vertébral reconstruction and fusion, 
and required a second operation, which was subtotal 
leading to another récurrence 7 months later. At that 
stage, the tumor was again embolized and completely 
resected at another institution (Table 5.42). 


5.5.2.9 

Ewing Sarcomas 

Ewing sarcomas are among the commonest primary 
bone tumors in children and young adults [85], but 
may also occur in the épidural space in rare instances 
[172, 270, 276, 381, 386], Lactic dehydrogenase (LDH) 
may be used as a sérum marker and can be monitored 
to control the effect of treatment [521], The best treat- 
ment approach for neurologically stable patients is 


chemotherapy followed by surgery and further onco¬ 
logie treatment [489, 521], 

In the literature, ail patients with Ewing sarcomas 
in the épidural space complained of local pain and 
83% demonstrated neurological déficits. Less than 
half of these tumors could be resected completely so 
that chemo- and radiotherapy was administered after 
surgery. Local récurrences and métastasés led to a 
mortality rate of 63% within 4 years of diagnosis 
[276], 

In a literature review, Morandi et al. [381] found a 
male prédominance of 2:1 and a mean âge of 16 years 
(range 4 -30 years) for Ewing sarcomas in the épidu¬ 
ral space. Twelve of 21 patients had died within 4 1/2 
years (mean survival 18 months) despite multimodal- 
ity treatment. 

Ilaslan et al. [248] reviewed the Mayo Clinic’s sériés 
of 1277 Ewing sarcomas between 1936 and 2001. Of 
these, 9.8% (125 patients) originated primarily in the 
spine. The mean âge was 19.3±10.7 years (range 4- 
54 years) and there was a slight male prédominance. 
The sarcomas were located predominantly in the sa¬ 
crum (53.2%), the remainder with decreasing frequen- 
cy in the lumbar (25%), thoracic (10.5%), and cervical 
spine (3.2%); 8% had more than one vertebra affected 
and 93% showed a lytic lésion on X-ray or CT. With 
respect to the nonsacral tumors, 14 out of 20 affected 
mainly the posterior éléments, while 6 involved the 
vertébral body predominantly. In this review, 91% of 
spinal Ewing sarcomas demonstrated involvement of 
the spinal canal, with 40% having neurological défi¬ 
cits. Local pain was présent in ail patients. The average 
history was 7 months (range 1-30 months). Ail 125 
patients underwent radiotherapy, but 70% also had 
chemotherapy and 25 patients underwent surgery in 
terms of partial removals and decompressive laminec¬ 
tomies. The 5-year disease-free survival rate was 53%, 
with sacral tumors having a slightly better prognosis 
(5-year disease-free survival: 60% compared to 45%). 
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Razek et al. [445] presented a sériés of 193 patients 
with Ewing sarcomas of various localizations who 
underwent radiotherapy and were then randomized 
to receive different chemotherapy regimens. Local 
control was achieved in 96% of patients, with a médi¬ 
an survival of 43 months. 

Grubb et al. [210] presented a sériés of 36 patients 
with Ewing sarcomas of the spine. There were 17 
sacral tumors with decreasing involvement towards 
cranial spinal levels. The mean âge was 17 years, with 
patients between 5 and 40 years being affected with a 
male prédominance of 2:1. Neurological symptoms 
were observed in 58%. Ail were treated with radio¬ 
therapy; 17 out of 21 patients with neurological symp¬ 
toms underwent a decompressive laminectomy and 
32 received chemotherapy The 5-year survival rate 
was 33%, with a mean survival of 2.9 years. 

In a sériés of 33 patients treated with a combina¬ 
tion of chemo- and radiotherapy, 48.1% survived 
overall for 5 years and 35.6% were disease-free [552], 

Barbiéri et al. [34] reported 28 patients (mean âge 
19.5 years) with spinal involvement. Ail underwent 
a combination of chemo- and radiotherapy, and 
50% were also operated. The mean follow up was 
59 months. The majority of tumors affected the lum- 
bosacral spine. The 5-year survival rate was 43.5%; 
20% developed cérébral métastasés and 50% devel- 
oped skeletal métastasés. 

Sharafuddin et al. [489] described 7 patients with 
primary Ewing sarcomas of the spine among 47 pa¬ 
tients with Ewing sarcomas of various locations. 
The mean clinical history was 4 months (range 1- 
10 months). It started with pain in every patient and 
progressed to severe neurological déficits in five out 
of seven patients. Six patients were operated (four 
posterior décompressions, one posterior en bloc re- 
moval, and one anterior removal and fusion), while 
the seventh patient was biopsied only. Six patients un¬ 
derwent radiotherapy and ail seven were adminis- 
tered chemotherapy The authors observed one local 
récurrence and two distant métastasés within 
10 months of surgery, with the remainder free of dis- 
ease for up to 10 years. 

In our small group of three male patients aged 14, 
26, and 32 years, one sacral and two thoracic Ewing 
sarcomas (Fig. 5.119) were seen. Ail were affected by 
pain and presented with neurological symptoms for 1, 
3, and 24 months, respectively. The sacral tumor and 
one thoracic tumor were resected completely, the lat- 
ter with a combined approach including vertébral re¬ 
construction, and anterior and posterior fusion, 
whereas the other thoracic tumor was resected subto- 
tally. Ail patients underwent postoperative radio- and 


chemotherapy. We observed one récurrence after 

I year for the sacral tumor, whereas the other two 
hâve been free of local récurrences for 3 months and 
8 years after complété and subtotal removals, respec¬ 
tively. 

5.5.2.10 

Hemangiomas 

Most vertébral hemangiomas are incidental findings 
on radiographs and are asymptomatic [31, 532], Ac- 
cording to autopsy sériés, the estimated incidence in 
the population is 10-12% [178], Problems may arise if 
they expand toward the spinal canal [215,304,422] or 
cause vertébral collapse and instability [215], If verté¬ 
bral hemangiomas become symptomatic then most of 
the patients présent with local pain. Pregnancy may 
initiate local pain due to intra-abdominal hémody¬ 
namie changes [178, 215, 422]. A progression to neu¬ 
rological symptoms occurs in only a small percentage 
[178, 462, 532], Apart from surgery, embolization, 
vertebroplasty, percutaneous alcohol injections, and 
radiotherapy are therapeutic alternatives [521, 532], 

Fox and Onofrio [178] followed 59 patients with 
vertébral hemangiomas over a 10-year period. Thirty- 
five were asymptomatic at the time of diagnosis, 13 
presented with pain, and 11 presented with neuro¬ 
logical déficits. Of those patients without neurologi¬ 
cal déficits at the time of diagnosis, three developed 
neurological symptoms. The authors concluded that 
regular clinical and radiological studies should be 
recommended for patients with local pain, but are 
unnecessary for asymptomatic patients until pain de- 
velops. Females are more likely to develop clinical 
problems than males. 

We encountered three patients with vertébral hem¬ 
angiomas at âges 16, 57, and 70 years. Two were lo- 
cated in the thoracic spine at Th6 (Fig. 5.120) and 
Th6/7, and one at L2. Ail presented with severe local 
pain, with additional neurological symptoms in pa¬ 
tients with thoracic lésions. For the lumbar tumor, 
only part of the vertébral body was affected. After 
complété resection, the defect was filled with PMMA. 
The patient improved and is free of récurrence. The 
thoracic tumor in the 16-year-old patient was resected 
completely via a posterior approach followed by fu¬ 
sion. The patient has been free of symptoms for 

II years (Fig. 5.120). The other thoracic tumor was 
treated by décompression as this 70-year-old patient 
was in poor general health. She showed marginal im- 
provement postoperatively. 

Pastushyn et al. [422] observed 86 patients with 
vertébral hemangiomas, 64 of whom presented with 
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Fig. 5.119. Sagittal Tl- (a) and T2-weighted (b) MRI 
scans of a 26-year-old patient with a Ewing sarcoma 
at Thl 6 months before présentation to our clinic. 
c At that time, the axial MRI demonstrated patchy 
destruction of the vertébral body, sparing posterior 
éléments, d The bone-window CT scan also disclosed 
an osteolytic process of the body. However, the 
beginnings of destruction of the lamina on the left 
side could be appreciated that was not détectable on 
MRI. At this stage, he underwent chemotherapy be¬ 
fore developing a progressive paraparesis and pain, 
e At the time of présentation at our clinic, the new 
MRI now shows affection of Thl-Th4 and a beginning 
kyphosis at Th2/3. f The axial Tl-weighted MRI image 
demonstrates extensions of the tumor into the spinal 
canal and extraspinal soft tissues on the left side. 

(Continuation see nextpage ) 





5.5 Spécifie Entities 501 



Fig. 5.119. ( Continued ) g The intraoperative view, taken after 
laminectomy of Thl, shows the intraspinal tumor component 
obscuring the dura, h After resection of the épidural tumor, 
part of the pedicle of Thl on the left side is removed and the 
nerve root is freed from tumor. At Th4, the pedicle on the left 
was resected to remove the tumor in that vertebra. The defect 
was filled with PMMA. i A posterior transpedicular fixation of 
C7-Th5 was performed. j In a separate ventral approach, the 
infiltrated anterior longitudinal ligament is visible, k With re¬ 


section of the ligament, the underlying infiltrated bone is vis¬ 
ible (I). Using intervertébral dises as landmarks (m), anterior 
tumor resection was performed removing the vertébral bodies 
of Thl and Th2. Reconstruction was achieved with a titanium 
cage, n Anterior plating of C7-Th3 was possible without split- 
ting the sternum in this patient. Postoperatively, the patient 
showed no neurological change and was referred for further 
oncological treatment with no récurrence in 3 months 
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Fig. 5.120. a Anterior-posterior X-ray of the thoracic spine of a 
16-year-old boy with a hemangioma of Th7 and a 4-weekhistory of 
pain and progressive paraparesis. The X-ray demonstrates characteris- 
tic striations in the affected vertébral body. b The bone-window CT 
image shows the classic spiculae of this lésion. The sagittal Tl- (c) and 
T2-weighted (d) MRI scans show a considérable intraspinal, posterior 
extension with marked cord compression, e The axial MRI scan under- 
lines the tremendous intraspinal tumor extension. The patient under- 
went a vertebrectomy at Th7 without vertébral reconstruction, and 
posterior fixation of Th6-Th8 (f). The patient improved markedly after 
surgery and has been free of any récurrence for 11 years. Nowadays, 
with new techniques available, this patient would undergo posterior 
intraspinal tumor resection followed by intraoperative vertebroplasty 
and posterior fusion 
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clinical and radiological signs of cord compression 
and were operated. Twenty-five were operated only, 
and the remainder were treated with surgery and post- 
operative radiotherapy. Capillary and cavernous types 
were distinguished with better neurological outcomes 
(i.e., 55.3% and 78% with functional recovery, respec- 
tively) and lower récurrence rates (i.e., 37.3% and 
16.7%, respectively) for capillary hemangiomas. 

Fox and Onofrio [178] operated on 11 patients with 
neurological symptoms out of their sériés of 59 cases 
with vertébral hemangiomas. Only one lésion was 
completely resected, ail others were removed subto- 
tally. Intraoperative blood loss was considérable and a 
postoperative épidural hematoma occurred in one pa¬ 
tient. Neurological symptoms recovered in each pa¬ 
tient. Postoperative radiotherapy was administered in 
five of the subtotally removed cases and two patients 
were embolized. Three of the 11 operated patients de- 
veloped clinical récurrences after a mean period of 
9.3 years after subtotal removals. 

Alternatively, vertébroplasties can achieve good re- 
sults for patients with vertébral hemangiomas suffer- 
ing severe pain but no neurological déficits. Cohen et 
al. [125] published their expérience with 192 vertébro¬ 
plasties. Among these, 31 patients underwent 43 pro¬ 
cedures for vertébral hemangiomas with a high suc- 
cess rate. 

Brunot et al. [91] presented their results on verté¬ 
broplasties in 19 patients with 21 lésions treated. Ail 
had presented with local pain. After a mean follow up 
of 38.6 months, 56.2% were asymptomatic and 31.2% 
experienced occasional back pain. 

Bas et al. [39] treated 18 patients with direct étha¬ 
nol injections into the hemangioma. After a mean fol¬ 
low up of 2 years, no complications had occurred. 
Doppman et al. [151] treated 11 patients in this man- 
ner. Angiography proved complété oblitération in ail 
instances. Five of six patients with severe paraparesis 
recovered completely and the other is walking with 
assistance. Likewise, radicular symptoms responded 
in four of five patients; however, two patients receiv- 
ing the largest injections developed vertébral frac¬ 
tures 4 and 16 weeks afterwards, suggesting that the 
injection dose be limited to about 15 ml. Goyal et al. 
[201] presented results for 14 patients treated with 
éthanol injections. Of these, 13 presented with neuro¬ 
logical déficits. Eleven patients showed a sustained 
improvement at follow up after 5-31 months. They 
mentioned vertébral collapse and infections as possi¬ 
ble risks associated with this modality. 

Another option is embolization. Jayakumar et al. 
[264] treated 12 patients with spinal cord compres¬ 
sion due to vertébral hemangiomas with particulate 


embolization of the feeding arteries. Eleven of these 
underwent subséquent posterior décompression. 
Eleven patients had improved neurologically after 
8 months follow up, but the condition of one patient 
remained unchanged. 

Radiotherapy for this benign disorder is met with 
considérable scepticism due to the risk of inducing 
malignant tumors. Beyzadeoglu et al. [58] calculated 
a risk of 0.6% for single radiation portais and 0.9% for 
double irradiation portais on the basis of a dose of 
20-30 Gy. With doses of 30 Gy, a review of 327 cases 
reported complété pain relief in 54% and partial relief 
in 32%, with 11% not responding. They advised 
against higher doses to avoid late side effects and in¬ 
duction of malignancies [234], 

In a sériés of 117 patients treated with radiothera¬ 
py, a dose-dependent effect was observed and a total 
dose of 36-40 Gy was recommended to achieve suffi- 
cient pain relief in 82% [441], Sakata et al. [467] 
achieved excellent success rates after radiation doses 
of 36 Gy for 14 patients. 

In conclusion, radiotherapy seems to provide no 
advantages compared to vertebroplasty, but carries 
the risk of inducing malignant tumors. This risk, al- 
though small, appears hardly acceptable for treatment 
of an absolutely benign lésion when an equally or even 
better alternative exists. Therefore, we recommend 
vertebroplasty if pain becomes unbearable in patients 
without neurological symptoms, and surgery once 
neurological symptoms or instability hâve developed 
[304, 318, 409, 462, 532, 574], 


5 . 5 . 2.11 

GiantCell Tumors 

Giant cell tumors rarely affect the spine, representing 
1.3-9.3% of ail giant cell tumors [60], and are consid- 
ered as benign tumors. However, malignant transfor¬ 
mations of giant cell tumors hâve been described [130, 
379, 471] as well as métastasés to the lung in rare in¬ 
stances [141, 344, 379], Anterior spinal éléments are 
predominantly involved and they are highly vascular- 
ized so that preoperative angiography and emboliza¬ 
tion are recommended [521], 

In terms of surgical strategy for spinal giant cell 
tumors, two Unes of thought exist: some authors ad- 
vocate en bloc surgical resections to prevent local ré¬ 
currence [2, 170, 405, 494, 509, 537] and to avoid ra¬ 
diotherapy, which is known to produce sarcomatous 
transformations in a significant number of patients. 
Mondai et al. [379] observed 5 sarcomas leading to 
death within months among 39 radiated giant cell tu¬ 
mors, emphasizing the need for life-long control of 



504 5 Epidural Tumors 


radiated patients. However, this strategy may inflict 
significant morbidity, especially when dealing with 
sacral tumors. On the other hand, “conservative” sur- 
gical approaches are recommended to preserve neu- 
rological function [415, 471, 490, 505], These authors 
emphasize the often indolent nature of tumor rem- 
nants and the better prognosis of spinal giant cell tu¬ 
mors compared to other locations [135,146, 283, 505] 
even if they hâve metastasized [344,499, 568]. 

We hâve seen a giant cell tumor of the thoracic 
spine in a 27-year-old female patient with a 3-month 
history of local pain and no neurological symptoms. 
She underwent subtotal resection from a posterior ap- 
proach with no subséquent radiotherapy. 

Hart et al. [223] reported 36 giant cell tumors of 
the spine. He observed a récurrence rate of 18% among 
primary cases and 83% among pretreated patients. 
Another prognostic factor was the localization of the 
tumor: if anterior éléments were affected exclusively, 
no récurrence was seen after surgery. With anterior 
and posterior involvement, this rate rose to 24%. 
Purely intraspinal tumors were associated with a ré¬ 
currence rate of 10%, with extraspinal infiltration of 
soft tissues, 21% recurred. 

Reviewing the Mayo Clinic sériés of 24 giant cell 
tumors treated between 1955 and 1989, Sanjay et al. 
[471] observed a marked male prédominance (17 
males, 7 females); the average âge was 30 years. Half of 
the patients showed neurological symptoms. They 
found an even distribution along the spine, whereas 
others reported them preferentially in the sacrum 
[190, 502], In the Mayo Clinic sériés, seven patients 
underwent radiotherapy after incomplète resections. 
Overall, 10 of 24 tumors recurred within an average 
follow up of 12.4 years. The likelihood of a récurrence 
corresponded to the extent of the tumor and, thus, 
with the completeness of resection. The authors con- 
cluded, that radiotherapy should be administered only 
to incompletely resected or recurring tumors [471]. 

Boriani et al. [78] described 23 giant cell tumors of 
the mobile spine followed for an average period of 
9 years. They found a favorable outcome after intral- 
esional surgery, and reserved more extensive ap¬ 
proaches with en bloc resections followed by radio¬ 
therapy for aggressive forms. 

Dahlin [135] reported 31 sacral giant cell tumors 
and recommended a combined therapy of surgery and 
radiotherapy. Turcotte et al. [545] followed 26 sacral 
giant cell tumors for an average period of 7.8 years. 
Sixteen were operated primarily, while 10 tumors had 
recurred; 21 received radiotherapy. He observed pul- 
monary métastasés in three cases and a récurrence 
rate of 33% after curettage of the tumor. In another 


sériés of 13 sacral giant cell tumors, 7 récurrences 
were seen and 5 patients died of this disease [502], 

Fidler [170] reported nine patients with spinal gi¬ 
ant cell tumors. He recommended en bloc resections 
and emphasized the use of extralesional dissection for 
removal of the tumor capsule. He observed one local 
récurrence and one death due to pulmonary metasta- 

Analyzing giant cell tumors with pulmonary mé¬ 
tastasés, Maloney et al. [344] found métastasés after a 
mean period of 3.2 years and up to 10 years after di- 
agnosis of the primary tumor. Local récurrences at 
the original site were detected in 63% of cases; 16% of 
these patients died. Surgery was still considered as the 
treatment of choice even for the métastasés [344,499], 
and radiotherapy was recommended as adjuvant 
therapy. Similar results were published by Siebenrock 
et al. [499], who studied 23 metastasizing giant cell 
tumors. Métastasés were observed after an average 
interval of 11.9 years (the longest time span was 
24.5 years) with 83% having local récurrences at the 
original bone site. 


5 . 5 . 2.12 
Histiocytosis X 

Histiocytosis X is a systemic disease of the reticulosk- 
eletal System that may affect children as well as adults. 
Granulomas of histiocytes are mostly observed in the 
skull bone, but may also occur in the spine causing a 
locally destructive lésion. Greinacher and Gutjahr 
[206] described 15 children with this rare lésion. Of 
these, three demonstrated spinal involvement, em- 
phasizing that even with severe destruction of bone 
neurological symptoms can be absent. 

We hâve seen one such lésion in the thoracic spine 
of a 41-year-old male patient with a 5-year history of 
pain and progressive myelopathy. Despite subtotal re¬ 
section, the medical condition of this patient deterio- 
rated further and he died just 2 weeks later. 


5.6 

Conclusions 

Epidural tumors of the spine may lead to neurological 
symptoms due to the compression of nervous struc¬ 
tures or interférence with spinal stability. Conse- 
quently, surgical treatment has to account for both 
aspects. 

If removed completely, benign épidural soft-tissue 
tumors carry a similarly favorable prognosis as intra¬ 
dural extramedullary tumors. The prognosis of ma- 
lignant soft-tissue tumors dépends foremost on the 
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completeness of resection. If a curative procedure is 
not possible, the clinical condition of the patient and 
the effectiveness of adjuvant thérapies détermine the 
further course. 

Primary benign bone tumors of the spine can be 
removed with standard surgical techniques and carry 
a good prognosis. Locally aggressive forms and pri¬ 
mary malignant tumors require en bloc resections to 
provide a chance for cure and long-term survival. 
These patients should be referred to experienced spine 
surgeons. 

For primary malignant bone tumors of the spine 
not feasible for en bloc resections as well as for spinal 
métastasés, surgical strategies hâve to account for the 
overall prognosis and general condition of the patient. 
As curative procedures are not available for these tu¬ 
mors, surgery has foremost to ensure neurological 
function and quality of life. The survival of these pa¬ 
tients is determined by the behavior of the tumor and 
effectiveness of adjuvant thérapies and not by the 
completeness of resection. 
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